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The Stoker Keeps Pace with Progress 


HE mechanical 

stoker as a device 
to burn coal under 
steam boilers is 
largely an American 
creation. While its 
development natur- 
ally reflects the vision 
and experience of the 
stoker manufacturers’ 
engineers, it is signi- 
ficant that it also 
evidences the co-oper- 
ation of that vast body of public utility and 
industrial plant engineers who are responsible 
within their own organizations for the selec- 
tion, operation and adaptation of plant equip- 
ment to meet their particular requirements. 

This co-operation between manufacturer 
and user has brought about continual improve- 
ment in design, keeping the stoker well in 
step with the general advancement of engi- 
neering knowledge, until today it ranks second 
to no mechanical equipment in utility and as 
a means of reducing steam costs. 

When such plants as Battersea and Dept- 
ford in England; Westwerk, Germany; Italian 
Edison, Italy; Delray, Hudson Avenue, Rich- 
mond, Kearny, Edgar, Reed, Loraine, Hell 
Gate, Iowana, Potomac, English, Riverside, 
Mad River and many others in the United 
States choose stokers and secure results which 
measure up to the requirements imposed by 
modern engineering standards—then stokers 
must have demonstrated beyond question 
their ability to meet the most exacting de- 
mands of steam plant service. 

Today, with turbo-generators of 150,000 to 
200,000 kw. capacity coming into use, the 
large stoker, capable of burning sufficient coal 
to meet the steam requirements of these huge 
turbines, is available. There has been no dis- 
regard of the fundamentals of combustion in 
the building of these huge modern stokers. 
An analysis of the heat balances of any num- 
ber of present-day stoker plants is proof con- 
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clusive of the contribution stokers are making 
to more efficient and economical power pro- 
duction. Stokers are being built to assure the 
maximum efficiency in coal burning, and im- 
provements in design and manufacture have 
made possible their continuous operation for 
increasingly long periods of service with de- 
creasing maintenance costs. In addition to 
the improvements to the stoker itself, other 
developments have contributed to better 
stoker performance such as, the use of pre- 
heated air, the application of water-cooled 
furnaces; and finally the realization of that 
dream of stoker engineers—the commercial 
operation of automatic air control. 

Recent installations of stokers have been 
made on board ship, and these have passed 
beyond the trial period, exceeding the hopes 
of the pioneer purchasers. The low cost and 
availability of stoker coal in every port makes 
this new field well worth developing. 

Mechanical stokers have invaded the home. 
More than fifty manufacturers are now en- 
gaged in building and merchandising small 
stokers.. Splendid progress has been made 
towards making these stokers foolproof, 
simple to operate and dependable. Domestic 
stokers are finding an ever increasing market 
which will extend the use of coal, despite the 
fact that they will save millions of dollars in 
fuel bills. Furthermore, the domestic stoker 
will add much to the cleanliness of our com- 
munities by the elimination of smoke. 

Regardless of size, mechanical stokers are 
making splendid advances in a highly compet- 
itive field. Even though there have been 
more improvements in stoker design in the 
last five years than in the previous fifteen or 
twenty, it is not at all improbable that the 
next decade will bring still more astonishing 
advancement in mechanical stoker design, with 
increasing opportunities for fuel saving. 
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Fuel and Firing Equipment 
in Public Utility Plants 


HE United States Department of the Interior, 

Geological Survey, has recently .issued a verv 
interesting report prepared in co-operation with the 
Institute of Economics of the Brookings Institution. 
It contains comprehensive figures on the sources of 
coal supplied to public utility plants throughout the 
country, arranged according to state and producing 
fields, and also indicates the amounts of the total 
coal consumption burned on various types of firing 
equipment. This information is highly significant 
for the reason that fuel is a major item in the cost of 
generating steam-electric power and it may be said 
that no class of consumers exercises greater care than 
the public utilities in the selection of fuel and in the 
type of equipment used to burn it. 

The information given is based on reports sent in 
by utility companies all over the country. Its com- 
pleteness is indicated by the fact that the total coal 
consumption reported is approximately the same as 
the actual consumption by public utilities for the 
year on which the report is based—1928. 

Of the total coal consumption reported, 41,953,226 
tons, only 2.3 percent is burned under hand-fired 
boilers. Of the 97.7 per cent of the coal burned, 
mechanically, 49 per cent is burned on underfeed 
stokers, 28.7 per cent on chain grate stokers, 17 per 
cent in pulverized fuel furnaces and 3 per cent on 
overfeed stokers. 

The most significant figure of this group is that in- 
dicating the amount of coal burned in pulverized 
form, which in actual tonnage amounts to 7,112,739. 
In 1924 it was estimated that the public utility plants 
of the country burned slightly over 3,000,000 tons of 
pulverized coal. Hence, this method shows a gain 
of over 100 per cent in four years, and recent esti- 
mates would indicate that this rate of gain has been 
maintained, if not exceeded, in the past two years. 

Another point of interest with regard to pulver- 
ized coal firing is the variety of coals burned by this 
method, which, according to the information com- 
piled, ranges all the way from anthracite dredged 
from the Susquehanna River to Texas lignite. 

The use of pulverized coal equipment seems to 
bear no systematic relation to the character of coal, 
but the distribution of underfeed and chain grate 
stokers was closely correlated with such factors as 
ash content, fusing temperature and coking tendency. 

While data given in this report relate only to the 
coal used in public utility plants, they throw light 
on the entire market for steam coal. In a given 
locality, steam coals from a dozen different fields may 
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be available, the choice between them depending on 
many factors such as cost at the mines, transporta- 
tion, heating value, burning characteristics, the type 
of equipment on which it is to be burned, the relia- 
bility of supply, etc. In showing what coals were 
actually selected in each state and the type of firing 
equipment used according to state and producing 
fields, this report is of distinct value to all those who 
are concerned with the selection of fuels and fuel 
burning equipment. 


Why Not A Uniform 
Pulverized Fuel Code? 


HE wide adoption of pulverized fuel firing during 

the past few years has emphasized the need of a 
code to govern the installation and operation of this 
method of fuel burning. 

There has been no dearth of initiative in suggest- 
ing rules and regulations. At least a half dozen 
organizations have assumed self-appointed obliga- 
tions of framing a code of safe practices. Most of the 
suggested codes parallel each other in purpose, and, 
in at least one instance, the wording is obviously 
a mere paraphrasing of other proposed measures. 

Why not a uniform pulverized fuel code? 

Fortunately, all of the organizations that are 
identified with this work have interests that are 
mutual. Hence, these groups should consolidate 
their experiences and facilities and join in framing 
a uniform code to which all could subscribe. 

Certain groups may be hesitant about relinquishing 
their individual identification with the work in favor 
of contributing to a uniform code which would 
represent the composite ideas of all concerned. How- 
ever, this selfish individualistic desire to ‘‘lead the 
parade’ is a complex that finds little sympathy in 
present-day ideas of cooperative relationships. 

The following organizations have earned the right 
to representation on the uniform pulverized fuel code 
committee: American Engineering Standards Com- 
mittee; American Society of Mechanical Engineers; 
National Electric Light Association; National Board 
of Fire Underwriters; National Fire Protection As- 
sociation; Pulverized Fuel Equipment Association: 
and the U. S. Bureau of Mines. 

Let us profit by our experience with the multi- 
plicity of boiler codes that once existed and prevent 
the setting up of separate and conflicting pulverized 
fuel codes to which both manufacturer and user 
would be forced to pay tribute in the form of con- 
fusion, delay, misunderstanding and perchance— 


petty politics. 
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The Utilization of Waste Wood 


for Steam Generation 


The first part of this article deals briefly with 
the nature of wood refuse fuels and the fields in 
which they are used. The author then describes 
the established methods of preparation and mois- 
ture removal and discusses the relative efficiency 
and economy of hog fuel as compared with coal 
and oil. Much interesting and valuable data in 
chart form supplements this discussion. A later 
article by the same author will cover methods 
of firing, furnace design and maintenance, com- 
bustion rates and other subjects which have a 


bearing on the actual use of wood refuse fuels 
for steam generation. 


HE gradually mounting cost of fuels, the increase 

in keenness of competition in all fields, and the 
steady and alarming depletion of the country’s 
natural resources have all served to focus attention 
on the importance of conservation in industry. This 
trend toward economy is but a recent iftnovation in 
a nation so bounteously endowed with mineral and 
forest wealth. Although the point has not yet been 
reached where our forests are scoured for a few hand- 
fulls of twigs to bundle neatly and offer for sale, as in 
Europe, nevertheless the burning annually of a few 
hundreds of thousands of cubic feet of natural gas to 
illuminate a farmer's barnyard is no longer looked 
upon with equanimity. It is natural to find as con- 
servation comes more and more clearly to the fore, 
that much thought has been given not only to the 
use of the wastes of the lumber industry but also to 
their efficient use. The advent of the linotype ma- 
chine served to swell the proportions of newspapers 
manyfold with a consequent drain upon our forests 
for pulp-wood; the trend toward ‘‘packaging’’ of 
retail foodstuffs has augmented this drain; the advent 
of the automobile and the radio and many other in- 
novations have all served to increase the national 
requirements for forest products so that more and 
more pulpwood and lumber are annually required. 
Coincident with the use of wood comes the produc- 
tion of wood waste and it is to this that attention is 
being devoted in the present article. 

Wood waste, consisting of bark, sawdust, shav- 
ings, trim, slabs, and edgings is available in greatest 
measure in forested regions where lumber is cut. It 
is also to be found in localities where cut lumber is 
utilized in factory production. With the gradual 
depletion of our eastern forests, and the movement of 
lumbering operations to the Pacific Northwest, it is 
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logical to find the stronghold of wood burning on a 
large scale to center in and about the states of Wash- 
ington and Oregon. However, factory operations 
such as automobile body work, furniture production, 
and the like, are widespread and result in the burning 
of wood to a more limited extent over a more far- 
flung field. 

The amount of waste, as related to the purchases 
of lumber, will vary in ratio depending upon the 
nature of the factory or mill operation. In general, 
it may be said that a ton of wood waste accrues from 
the sawing of a thousand board feet of lumber. Waste 
from operations employing cut lumber varies to such 
an extent in its relative amount that no estimates are 
possible. An auto-truck body plant found that of the 
total purchases of cut lumber, twenty-five per cent 
eventually was delivered to the boiler-room for 
steam raising. Chair factories report thirty or morte 
percent. Tanneries are confronted with the problem 
of disposing of large tonnages of spent tan-bark. 

Two principal reasons for making the earlier wood 
burning installations are to be noted: First, in iso- 
lated areas where coal and oil are difficult to obtain 
recourse is naturally had to wood; and second, the 
desire to dispose of a waste product bulky in its 
nature renders burning a logical expedient. Where 
the question of disposal is uppermost as the reason for 
burning, efficiency of combustion is of no conse- 
quence. However, when the supply of fuel is limited 
and inadequate for needs with the result that the 
supply is augmented by an auxiliary fuel such as oil 
or coal, efficiency of combustion assumes a more im- 
portant aspect. It is under these conditions that the 
better installations are designed. Since the auxiliary 
fuel must be purchased and since the more efficient 
the combustion of the waste product, the less auxili- 
ary fuel is required, it is natural to find careful 
thought being given to items such as drop-nose 
arches, stoking methods, furnace volume, efficient 
grate area, furnace design, and the like. In cases 
where the amount of waste wood is limited, the 
problem of arriving at an economical and justifi- 
able efficiency is paramount. In such instances, the 
use of air-preheaters, drying presses, and similar 
appurtenances, designed to increase efficiency, de- 
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serves careful thought and the cost and effects of their 
use should be thoroughly investigated. 


The Nature of Wood 


Wood is composed principally of cellulose and since 
cellulose is of definite chemical composition, it 
would be expected that the heating value of various 
specimens would be essentially the same. However, 
the variations in the attendant percentages of resins, 
tars, tannin, and similar substances cause differences 
in heating value for different woods, dependent upon 
the amount of such materials present. A reference 
tabulation of chemical composition and heating 
value is shown in Table I. Inspection of this table 
will show that resinous woods, such as pine and fir, 
have the highest heating values. 


TABLE I 





Ultimate Analysis and Calorific Values of Dried Woods 








Kind of Wood Cc H N O Ash B.t.u. per Ib. 
Oak 50.16 6.02 0.09 43.36 0.37 8316 
Ash 49.18 6.27 0.07 43.91 0.57 8480 
Elm 48.99 6.20 0.06 44.25 0.50 8510 
Beech 49.06 6.11 0.09 44.17 0.57 8591 
Birch 48.88 6.06 0.10 44.67 0.29 8586 
Fir 50.36 5.92 0.05 43.39 0.28 9063 
Pine 50.31 6.20 0.04 43.08 0.37 9153 
Poplar 49.37 6.21 0.96 41.60 1.86 7834 
Willow 49.96 5.96 0.96 39.56 3.37 7926 





Note: Tabulated values apply to wood free of all surface moisture. 


Freshly cut wood usually contains 30 to 50 per 
cent moisture, but after drying in the air for a year, 
the moisture content will be found to have been 
reduced to from 18 to 20 per cent. 


Preparation for Burning 


Two distinct processes may be performed on waste 
wood previous to its introduction into the combus- 
tion space of a steam raising unit: first, it may be 
altered in its physical form by maceration in “‘hogs’’ 
in order to render the wood more uniform in size 
to facilitate feeding and combustion; and second, the 
moisture content may be reduced by one of two 
general types of processes. Hot gas or air may be 
resorted to to reduce moisture content, or the wood 
may be passed through mechanical presses which 
squeeze out at least a portion of the contained 
moisture. 

Hogging machines, which probably derive their 
‘name from their swine-like sound of operation, are 
composed essentially of a set of rotating knives or 
swing hammers mounted on a rapidly rotating shaft 
within a suitable rigid casing. The knives or ham- 
mers work against a perforated plate or set of evenly 
disposed bars through which the rotating elements 
force the wood. Fig. 1 shows a cross section of the 
‘‘No-Nife’’ hog. This design is representative as to 
general form of all hogging machines; It contains, 
however, two patented features of interest: first, the 
tramp iron pocket designed to remove scraps of 
steel or iron; and second, the double breaking plate 
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illustrated. Functioning as it does more by the 
hammering action of the moving elements than by a 
cutting or chopping effect, it is said that this ma- 
chine will not be damaged even by large pieces of 
iron. 

The output, power requirement, and most effi- 
cient speed for shredders will vary with the nature 
and moisture content of the feed. A high rotative 
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Fig. 1—Cross section of typical hogging machine. 


speed will effect a greater size reduction than a low 
speed but at a rapidly mounting power requirement. 
The attendant Tables, II and III, give typical speeds, 
power requirement, and capacities of swing hammer 
hogs. 

TABLE I 





Approximate Speed and Power for Various Hog Sizes 








Size Hog. Speed, r.p.m. Horsepower 
20x12 1600 to 1800 15 to 20 
24x18 1400 to 1600 20 to 30 
30x24 1200 to 1400 30 to 40 
36x24 1100 to 1300 40 to 65 
36 x30 1100 to 1300 70 to 90 





Note: Hog sizes are diameter and width of rotor in inches. 
TABLE III 





Approximate Capacities in Tons per Hour 








Chestnut log- Medium size Planer Shavings, 
wood, Pine wood refuse for Pine and similar 
chips, etc. blower systems woods reduced 

with % in. or conveyor, | in. to dust — 

Size Hog. opening ‘ be- between bars oo % in. 
tween bars round openin 
in cechornt 
plate 
20x12 %" tol yw % y%to w% 
24x18 1 to2 ¥ 0 x ¥y%to KH 
30 x24 3 to4 1 to2 % tol 
36 x24 5 to6 1% 102% 1 t0o1% 
36 x30 7 to8 3 to4 1% to2 





The low calorific value, high moisture content, 
and general bulky nature of hog fuel all serve to make 
weight, as a basis for purchase and sale, undesirable. 
It is for these reasons that the unit of 200 cu. ft. has 
been developed. The figure is derived from the fact 
that a cord of wood, when hogged, will approxi- 
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mate 200 cubic feet in volume. In view of the wide 
divergences in specific gravity of different species of 
wood, and further, due to the fluctuation of mois- 
ture content of different samples, the ‘‘unit’’ will be 
found to vary in weight from 3000 to 4500 lb. with 
4000 Ib. a good general figure for average use. 
Table IV shows the variation and range of mois- 
ture content for various classes of wood refuse. 








TABLE IV 
Type of waste Moisture 
Saw Mill Wastes 30 to 60 per cent. 
Factory Wastes 5 to 70 per cent. 
Spent Tanbark Up to 80 per cent. 





The wide fluctuation in the moisture content of 
factory wastes deserves comment. The lower limit 
would be encountered in cases where the great bulk 
of the material is derived from steam drier or kiln 
treated lumber. The high limit would be reached 
by discarded material from veneer cutters. In this 
operation, the logs which are to be cut into veneer 
are steamed over a period of time before introduc- 
tion into the cutters with the result that the wood 
fibres are thoroughly saturated with moisture. 
Waste veneer, on account of its high moisture con- 
tent and physical form constitutes a troublesome 
material to burn unless hogged. Sheets of wet wood 
form a blanket on the fire interfering with com- 
bustion. 


Predrying of Hog Fuel 


The second preparatory process above noted has to 
do with the reduction of the initial moisture content 
of the fuel before introduction into the combustion 
chamber of the boiler. It is to be noted that in re- 
ducing the moisture content from 80 to 65 per cent, 
about half of the moisture content is removed or 
about two pounds of water per pound of dry fuel. 
By ‘‘dry fuel’’ is meant fuel from which all chemi- 
cally uncombined water has been removed in con- 
tradistinction to ‘‘kiln-dried’’ fuel which may con- 
tain 10 per cent or more of such uncombined or sur- 
face moisture. 

-The beneficial effect on furnace efficiency brought 
about by predrying, as well as the fact that fuel of 
high moisture content will not support its own com- 
bustion, has resulted in much thought being given 
to such drying processes. Drying may- be brought 
about either by the use of a heating medium, such as 
hot gas or heated air, in conjunction with suitable 
apparatus for bringing the wet wood and the hot gas 
into proper relation, or it may also be accomplished 
mechanically by the use of presses which squeeze 
the wet material much as the conventional clothes 
wringer. The first mentioned method, that of using 
heat, has not found much favor in the past, the con- 
tention being that as much heat is required apart 
from the furnace as within the combustion chamber 
and that, as a consequence, coincident drying and 
combustion is not only inexpensive, insofar as it 
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reduces attendant apparatus, but that it is the most 
logical manner of dealing with moisture. ‘This idea 
is untennable as dry wood yields higher furnace 
temperatures than does wet material and such higher 
temperatures result in increased boiler heat transfer 
rates and consequently improve the efficiency of the 
unit. Furthermore, when waste furnace gases are 
employed, the heat which is utilized to effect drying 
would otherwise be wasted, hence by improving the 
furnace efficiency at no thermal cost an improved 
overall efficiency results. It must be kept in mind, 
however, when thought is given to drying by means 
of waste flue gases, that the drying medium may be 
so close to its dew point when introduced into the 
dryer as to be practically valueless to drive off fur- 
ther moisture or, that such a large volume of gas is 
required to effect the desired reduction of water con- 
tent in the fuel as to make the process impractical. 

In general, predrying by heating methods is 
thermally correct but as a rule it is not economical. 
Fuel cost is low so that it is difficult to justify the 
expense of drying apparatus, the gain in efficiency 
being insufficient to offset the increased fixed and 
operating charges brought about by the addition 
ofa drying system. With presses, it is possible effec- 
tively to reduce the moisture content when such is 
initially high. The operation is inexpensive and the 
gain large, hence when the moisture content is of 
the order of 60 per cent or above, the use of presses 
should be investigated. 


The Cost of Hog Fuel and its Relation to Other Fuels 


In the stronghold of hog fuel, the Pacific North- 
west, the cost of such material has fluctuated in the 
past few years from prices of 60c to $1.55 per unit, 
loaded on purchasers’ barges at the sawmill. As the 
heat content is low and moisture content high, dis- 
tant transportation is uneconomical. Such utilities 
as use this fuel are located on navigable streams in 
order that the benefits of low cost waterway trans- 
portation may be gained. Direct barge delivery from 
saw-mill to power plant is thus made possible. The 
economic relation of hog fuel to coal or oil depends 
on the relative prices prevalent in the locality under 
consideration as well as the attainable efficiencies. 

In a particular locality, the following fuel prices 
prevail and it is of interest to translate such prices 
into cents per thousands of pounds of equivalent 
evaporation to form a basis for comparison. Figures 
include transportation and are for fuel cost alone. 
Refer to Table V. 


TABLE V 





Comparative Fuel Costs 





B.t.u.per.Ib. Effic. Lb. Steamf. & at Fuelcost Cost of Steam 





Fuel a.f. ofcomb. per lb. fuela.f. | Delivered c / 1000 Ib. 
Oil 18000 75 percent 13.92 $1.25 per Bbl. 26.7 
Coal 13000 70 percent 9.38 $4. per 2000 Lb. 21.3 
Wood 5220 60 percent 3.22 $1.25 per Unit 9.7 


Generalization, with so many variable entering in, 
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is of doubtful value though some authorities state 
that the limit of profitable haul, barge transporta- 
tion assumed, is one hundred miles. A study of the 
costs for the various fuels under consideration should 
be made in each case. 

As regards comparative operating costs, it will 
be found that the amount of labor in the boiler room 
for a wood burning installation will be practically 
the same as required by a coal burning plant equipped 
with automatic stokers and overhead bunkers. The 
matter of ash handling, however, will show a 
preference in favor of wood as there will be much less 
such material to dispose of in the hog fuel plant. 

In the above, it has been assumed that hog fuel 
is purchased for the purpose of steam raising in the 
same manner that coal, oil, or gas would be pur- 
chased. When wood waste accrues from factory 
Operations, and must in any event be disposed of, 
burning saves the cost of such disposal and the fuel 
is obtained simply at the expense of hogging or 
whatever preparation, if any, is required. Tannery 
waste and bark from paper mills contains such a high 
percentage of moisture that its value as a fuel is 





questionable. If possible it is disposed of by filling 
or dumping into streams. When the moisture con- 
tent approaches 70 per cent, tan-bark will no longer 
support its own combustion and must be assisted by 
the use of an auxiliary fuel such as coal. Bark presses 
should be given consideration and the result of their 
use investigated... 


The Efficiency of Combustion 


The same considerations are involved and the same 
elements enter into the matter of attainable furnace 
efficiencies when the fuel utilized is hog wood 
refuse as when coal is burned. Moisture content, 
fuel analysis, calorific value, excess air, and furnace 
design all play their part and the problem has much 
the same aspect for both fuels. 

Losses experienced are essentially those which 
enter into any heat balance dealing with the oxida- 
tion of a solid fuel. Dry gas and moisture losses are 
computed as usual; losses due to carbon monoxide 
and other inflammable gases indicating incomplete 
combustion should be absent from the heat balance 
when the furnace is properly designed. Unaccounted 




















UJ 
Or « 
ves rs . @ 
rs Wy 20 9, 
= w 
40 u 
* 
eo “ 
: 7 
= so z 
5 100 & 
Ww 
9 a CHART A 
5 U 
| j 
< 
> 
400 
«Guar ame “same” ee aes a ee 9 20 
PERCENT CO, AT DAMPER 
OTHER TEMPERATURES ADD OR SUBTRACT SUM OF COR- 
3 RECTIONS OBTAINED FROM CURVES ABOVE. VALUES GIVEN 
Veo ASSUME A CONSTANT RADIATION PLUS UNACCOUNTED 
w FOR LOSS OF 4 PER CENT. 
1) 
ee 
ry 
~ CHART B 
% 60 
U H 
a U 
we ; 
® so : 
0 10 20 30 40 50 60 
PERCENT MOISTURE IN FUEL 
q 
> '0F—] SIGN OF THE DIFFERENCE. CORRECTION IS COMPOSED 
¥ OF TWO PARTS: 
a 1. THAT FOR HEAT OF DRY GAS—UPPER SIX CURVES : 
= 2. THAT FOR HEAT OF VAPOR—LOWER FOUR CURVES : 
- 
ws 
z° 
| 
e. : 
a CHART C 
— 
“2 
i=) 
0 100 200 
DIFFERENCE IN EXIT TEMP. 





Fig. 2—Charts giving various data for determining the performance of furnaces using wood refuse fuel. 
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Applying to Mixture of Gases Re- 
sulting from the Combustion of Wood 
of Average Composition (analysis 
given below) for various percentages 
moisture as fired and excess air. For 
lower curves read scale of sp. ht. to 
right. 
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Fig. 3—Instantaneous specific heat values for furnace gases resulting from the combustion of an average wood refuse fuel. 


for losses, losses due to radiation and to unconsumed 
carbon are grouped together due to the difficulty of 
individual measurement. As wood is a high volatile 
fuel, its use involves low carbon losses. By the same 
sign, however, losses due to the escape of combusti- 
ble gases may reach considerable values when in- 
sufficient space has been provided for their final 
oxidation. 

The amount of the unaccounted-for loss, as has 
been indicated, is a function of various elements, the 
principal ones being the shape and the size of the 
combustion chamber and the extent and distribution 
of refractory surfaces. For an ideal design, 4 per 
cent unaccounted for loss is probably adequate. 
When the combustion chamber differs in its form 
from the ideal, the unaccounted-for loss should be 
increased as dictated by judgment. 

Chart A, Fig. 2, has been calculated for a wood 
of average analysis and renders available the relation 
between CO, content of the flue gases and the cor- 
responding value for excess air, values for the weight 
of products of combustion in pounds per pound of 
dry fuel for different CO, contents, and finally, in 
order to facilitate computations of heat transfer and 
system temperatures, values of ‘‘H’’ plotted against 
CO,, as before. It is to be pointed out that ‘‘H"’ 
represents the number of B.t.u. contained in a pound 
of furnace gases above 70 deg. fahr. before any absorp- 
tions or losses have taken place. It is a measure of 
furnace temperature. The weight of products and 
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values of ‘‘H’’ have been plotted as groups of curves 
in order to take into account variations of fuel mois- 
ture content.. Curves are plotted in each case for 
dry wood (0 per cent moisture) and also for wood of 
20, 40, and 60 per cent moisture. Intermediate 
points may be obtained by interpolation. 

Chart B, Fig. 2, offers the relation between fuel 
moisture content and overall efficiency, boiler and 
furnace, for a boiler exit temperature of 500 deg. fahr. 
A family of curves has been drawn, each representing 
a different percentage of excess air at the damper. If 
CO, is the criterion rather than excess air, Chart A 
must first be used to convert the value of CO, into 
terms of percentage excess air. Chart C, Fig. 2, 
furnishes the corrections to be applied when the exit 
temperature from the boiler differs from 500 deg. 
fahr. This correction is composed of two parts, that 
due to the changed amount of heat carried away by 
the dry furnace gases, and that due to the difference 
in loss by water vapor. Efficiencies obtained by the 
use of these charts will agree within the limit of 
accuracy of chart reading with values obtained direct- 
ly by computation. 

The chart shown in Fig. 3 has been prepared from 
the latest available data on the specific heat of water 
vapor, oxygen, nitrogen, and CO, at elevated tem- 
peratures. These curves furnish instantaneous specific 
heat values for the furnace gases resulting from the 
combustion of an average wood under different con- 
ditions of fuel moisture content and excess air. 
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Heat Transfer 


from Condensing Steam to Flowing Water 
Through Single Metal Tubes Completely Surrounded 


By Air-Free Steam 


The author has developed a method for cor- 
relating the known experimental data as deter- 
mined by various authorities covering the rates 
of heat transmission through single metal tubes 
completely surrounded by air-free steam. This 
method may be used within the range of the 
experimental data to establish an ideal with 
which to compare the actual performance of 
condensers or heaters. The results of this com- 
parison will indicate how near the performance 
approaches the laboratory determination of the 
rates of heat flow through a single tube. 


URING 1928, the writer had an opportunity of 
comparing some data which was taken from the 
test data secured by the various experimenters men- 
tioned below and prepared by R. J. S. Pigott. From 
this data, the writer was able to develop the method 
given in this article which seems to link together 
the work of the various experimenters so that, for 
the ranges of temperatures involved, calculations 
can be made of the overall heat transfer through a 
single tube which is completely surrounded by air- 
free steam. 

The experimental data upon which the method is 
based were taken from the reports by various ex- 
perimenters, such as Clement & Garland at the 
University of Illinois in 1909, McAdams & Frost at 
the Massachusetts Institute of Technology and re- 
ported in the January and February, 1922, issues of 
the ‘‘Journal of Industrial & Engineering Chemis- 
try, and data from various experimenters as re- 
ported by C. W. Rice in the “‘Journal of Industrial 
& Engineering Chemistry’’ for May 1924, and tests 
made by Webster in Scotland in 1913. Also data 
were used from tests which were made by D. F. 
Othmer at the University of Michigan in 1929, using 
a different type of apparatus wherein the overall 
temperature differences were maintained constant 
over the tube area under test. 

The values of the resistance of the film on the 
water side of the tube for the Clement & Garland 
tests have been recalculated, using a heat conduc- 
tivity for the steel tube of 2634 instead of the 48.4 
as used by Clement & Garland in their original re- 
port. The latter appears too high for steel. 
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By A. T. BROWN 


Mechanical Engineer 
United Engineers and Constructors Inc. 
NEWARK, N. J. 


The following symbols have been used throughout 
the calculations and formulae given below: 
Let Q=the total heat transferred per hour (B.t.u.) 
through the surface S in sq. ft. 
S =the area of the outer or vapor side of the tube in 
sq. ft. 
d,=the outside dia. expressed in inches. 
dm=the mean dia. of the tube expressed in inches. 
dj =inside dia. of tube expressed in inches. 
Aty=temp. drop vapor to metal of tube deg. fahr. 
Att=temp. drop through the metal of the tube deg. 
fahr. 
Atw=temp. drop metal of tube to the average temp. 
of the water deg. fahr. 
T=temp. steam outside the tube deg. fahr. 
Arithmetical M. T. D.=AT=total overall temp. 
drop from the vapor to the average temp. of the 
water = (Aty +Ate+ Atw) 
hy=total heat transmitted per sq. ft. per hour per 
deg. fahr. difference between vapor and tube per 
hour. 
h, =ditto for the metal of the tube. 
hw =ditto for the water film on the water side of the 
tube. 
k=conductivity of metal of tube B.t.u. per sq. fe. 
per hour per deg. fahr. difference per ft. thickness = 
63 for Muntz and Admiralty metal tubes. 
=26.5 av. for soft steel. 
b=thickness of tube in inches. 
U =coefficient of heat transfer B.t.u. per sq. ft. per 
hour per deg. temp. difference overall vapor to water 
based upon the arithmetical mean temperature 
difference. 





Then 
Q= SUAT = SU (Atv + Ate + Atw) 
= hySAty = ue a Att 
= Be Ate 
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Let a = R = heat resistance coefficient overall 


vapor to water, based upon the 
arithmetical M.T.D. 





a = SS =F Cate + ate + A te) 
ce | 

At = ae 

ty = ge 





_- S Q I bd, do ) 

ee: (; va. cae 
If we let ry 0.D. r; 0.D. and rw O.D. represent respec- 
tively the resistances in the parenthesis, we have 


7 = (ry O.D. + ft O.D. + fwO.D.) 


This is over the whole surface involved. 

NOTE: The resistances must all be expressed on the 
basis of the outside dia. of the tube. 

From the data taken from the various tests and 
plotted on charts Figs. 1 and 2, ry 0.D. varies as a 


tractional power of 2 


The actual values can be read from Fig. 2, which 
gives the average of the Webster Tests and those 
plotted in Fig. 1. 


Then 77 fy O.D. (From Fig. 2) + bd. + a 


1zkdm 





FORMULA FOR STRAIGHT LINE:— 
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Let Jw = fluidity (eeciprocal of viscosity ex- 
pressed in centipoises) of the water film at its 
average temp. 

(tittet Atw) on the water side of the tube. 
y 5 
Where tj = temp. inlet water deg. fahr. 


to = temp. outlet water deg. fahr. 
From data in a paper presented by Edwin R. Cox be- 
fore the Annual Meeting of the American Society of 
Mechanical Engineers December 1927, we have for 


the ordinary temperatures involved in condenser 
work, 


C/s yi/s Jy/? G/* Cy/* x 10 
K, di /e 
when C = conductivity of fluid film B.t.u. per sq‘ft. per 
hour per deg. fahr. difference per foot thick- 
ness = 0.329 for water (see Table II Pg. 16, 
Jan. 1922 Journal of Industrial & Engineering 
Chemistry, W. H. McAdams & T. H. Frost.) 
G = specific gravity of film compared with 
water (assumed for this paper as based upon 
water at 62 deg. fahr. 
Cp = specific heat of film at constant pressure. 
K, = an experimental constant 
v=velocity ft. per sec. cooling water over the 
cross section of the tube. 


do do K, 
hed, 10 x Cy797,72a GC, 72 
IO fw O.D. (di VG)’ Jw/? C/s C,'/s 
do 


For the ordinary temperatures encountered in con- 
denser work, we can assume both G and C, as unity. 


hy, = 





Orfyo.D. = 





(A) Then K, = 
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Figure 1—Coefficient heat resistance—film steam side of tube—actual tests 
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Also, if we take the values of J~ for water as given on 
Page 262, Table XXXIII of W. F. Durand’s ‘‘Hy- 
draulics of Pipe Lines’’, we find that the following 
equations are approximately true. 

For average film temperatures 35 to 70 deg. fahr. 


av. film temp. 8 
Jw = 0.585 ( = p ) 0.61 


For average film temperatures 70 to 130 deg. fahr. 
1.02 X av. film temp. 








Je = = 
Atw 

Also rwo.D. = = 
Q 

S 


If these values are substituted in (A) above, there 
appears the Formulae as given on Charts, Figs. 3, 4 
and 5 which cover the heat transfer through the 
water film on the water side of the tube. 

Using the method given above, we are submitting 
a tabulation in which a comparison is made between 
the actual mean temperature differences secured by 
George A. Orrok in testing a single new Admiralty 
metal tube and the calculated mean temperature 
differences. 

It is to be noted that on these fourteen tests which 
are reported in the Transactions of the American 
Society of Mechanical Engineers for 1910 and which 
are picked at random, the calculated mean tempera- 
ture differences from slightly over 3 deg. fahr. to 
over 134 deg. fahr., agree very well with the actual 
mean temperature differences observed during the 
tests. 

In applying this method to the calculation of the 
mean temperature differences for the apparatus used 
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by George A. Orrok, values of the following quanti- 


ties are read from the charts designated below: 


Values of K, are taken from the curve in Fig. 6, 
Values of Atw are read from Figs. 3, 4 or 5, de- 
pending upon the average temperature of the cool- 
ing water and the average film temperature (the 
average of the temperature on the inside of the 
tube and the average temperature of the cooling 
water). 

Att is calculated by multiplying Q/S by rm o. D. 

fy O.D. is read from Fig. 2. 

Aty is calculated by multiplying Q/S by ry o. b. 

The sum of Aty, Att and Atw for each test equals 

the calculated M. T. D. to compare with the 

actual measured overall M. T. D. 

It should be realized that where a single tube is 
completely surrounded by steam, the only limit to 
the condensation is the sum of the resistances offered 
by the water film on the inside of the tube, the metal 
of the tube, and the vapor film on the outside of the 
tube, and a greater amount of steam will be con- 
densed per sq. ft. than in the case of an actual con- 
denser or heater where there is only a certain amount 
of steam available and each sq. ft. of surface is not 
condensing the same quantity of steam throughout 
the condenser or heater. 

If it is assumed that by using the method given 
above the performance of a condenser or heater as a 
single tube can be calculated, and if we call rsas O.D. 
the resistance of the condenser or heater due to the 
presence of scale, air, and the arrangement of the 
surface, we can write, 


I 
ies (ry O.D. + ff O.D. + fw O.D.) + fsas O.D. 
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Figure 2—Coefficient heat resistance—film steam side of tube—actual tests 
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FIGURE 3 
Temperature drop—film water 
side of tube—average film tem- 
perature—35 to 70 deg. fahr. 
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FIGURE 5 
Temperature drop—film water 
side of tube—average film tem- 
perature—70 to 130 deg. fahr. 





bty — DEG. FAHR. 


btw ~ OEG. FAHR. 


At w= OROP IN DEG. FAHR. THROUGH WATER FILM INSIDE TUBE TO AVERAGE TEMP. OF COOLING WATER, 
© = AVERAGE TEMP. OF COOLING WATER IN DEG. FAHR. 
Ky = EXPERIMENTAL CONSTANT. 4) = INSIDE DIA. OF TUBE - IN. 4g = OUTSIDE DIA. OF TUBE - IN. 
V = AVERAGE VELOCITY OF COOLING WATER IN FT. PER SEC. OVER CROSS SECTION OF TUBE. 
z = 6.7 U. PER HOUR PER SQ.FT 0.0. SURFACE OF THE TUBE 


FORMULA:= 


2t+at,]°** x 
aty|— = FOR AVERAGE FILM TEMP, — 35 TO 70 DEG. FAHR. 


ate [et + ats/° ae 
70 


FIGURE 4 


Temperature drop—film water 
side of tube—average film tem- 


perature—35 to 70 deg. fahr. 


Ot w = DROP IN DEG. FAHR. THROUGH WATER FILM INSIDE TUBE TO AVERAGE TEMP COOLING WATER 
= AVERAGE TEMP. COOLING WATER DEG FAHR. K,* EXPERIMENTAL CONSTANT. 
| = INSIDE DIA. TUBE ~ IN. d, = OUTSIDE DIA. TUBE - IN. 
= AVERAGE VELOCITY COOLING WATER-FT. PER SEC. OVER CROSS SECTION OF TUBE 
2 = B.T.U. PER HOUR PER SQ.FT. 0.0. SURFACE OF THE TUBE. 


FORMULA:- 


tw [et . ate}! =" : FOR AVERAGE FILM TEMP-70 TO 130 DEG. FAHR. 


div 


at, [2t+ ati 
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Figure 6—Value of K:» calculated from actual tests 


The expression in parenthesis covers the value of 
the theoretical heat transfer of a single tube de- 
termined from the method given above and fsas O.D. 
is the difference between the actual performance 
obtained and the theoretical performance which 
would be obtained if the condenser consisted of a 
single tube. 

The value of rsas O.D. in the condenser is usually 
of the same magnitude or greater than the quantity 
in the parenthesis. At present, we have no method 
of calculating the value of reas O.D. in advance from 
the design of a particular condenser, but a study 
should be made to determine the best method to 
follow in reducing this factor to a minimum as it 
has a large effect upon the amount of surface re- 
quired for a given service. 

Apparently for a given arrangement of surface in 


with S and the temperature or the inlet water. 


In offering this method it should be clearly under- 
stood that, at present, it is still in the development 
stage and, until something better is at hand, may be 
used to calculate the performance of a single tube, 
but only for the ordinary ranges of temperature found 
in condensers. It is believed, however, that this 
data will be of assistance to those engaged in the 
design of heat transfer apparatus, and should be of 
use in calculating changes in heat transfer with 
varying water velocities as, provided there is no 


change in : or the inlet water temperature ti, the 


changes in resistance with: varying water veloc- 
ities should all lie in the term rw O.D. which can be 











a condenser, fsa; O.D. varies, in some unknown way, calculated from the charts, Figs. 3, 4 and 5. 
HEAT TRANSFER 
Condensing Steam to Flowing Water 
By George A. Orrok 
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E. M. PARTRIDGE 
Chief Chemist, 


The Regeneration of Base-Exchange 
W ater Softening Materials 


Mr. Partridge offers an unusually clear and 
understandable description of the functioning 
of the zeolite or base-exchange type of water 
softener and the chemical reactions involved 


in the regeneration of the mineral used as the 


Paige and Jones 


Chemical Co., Inc. 
HAMMOND, _ IND. 


ATER softeners of the base-exchange or 

zeolite type are in common use both in indus- 
try and inthe home. The usual construction includes 
a Closed pressure tank containing a bed of granular 
base-exchange material. This rests on a gravel bed 
which is underlaid by a water distribution system. 
The latter may be a perforated plate or a manifold 
with branch pipes containing spaced openings, but 
in either case has the function of giving uniform dis- 
tribution to water or salt brine passed through the 
tank in an upward direction. It, also, serves as a col- 
lector for water or brine solution passed downwardly 
through the apparatus. The external piping in con- 
nection with the softener is so arranged and supplied 
with valves that water may be passed through the 
container from top to bottom or the reverse. Con- 
nections are, also, supplied for admitting salt or salt 
brine. 

The sectional view, Fig. 1, illustrates a common 
arrangement of the internal parts of a zeolite softener. 
Water passing through it is brought into intimate 
contact with the bed of mineral and is softened there- 
by. Calcium and magnesium salts dissolved in a 
water give it the quality of hardness and these salts 
are converted into sodium salts on passing through 
the mineral. The latter gives up sodium to the water 
and takes up the calcium and magnesium. Thus a 
water containing calcium sulphate before softening 
will contain sodium sulphate after softening, and the 
mineral will change from a sodium mineral to a 
calcium mineral during the process. The mineral 
remains unchanged in appearance by the process. 
After it has softened a given amount of water, its 
Capacity, represented by its exchangeable sodium 
content, is exhausted. This can be restored by pass- 
ing a solution of sodium chloride or ordinary salt 
through the zeolite mineral bed. 

The process of restoring the softening power of the 
mineral by the use of salt brine is variously spoken of 
as a reconditioning or regenerating operation and it 
is with some of the factors entering into the success- 
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reconditioning medium. He emphasizes par- 
ticularly the importance of the concentration 
and handling of the salt brine as factors in 
the efficiency of reconditioning. 


ful carrying out of this operation that this article is 
concerned. 

The reactions which take place when water is 
softened and the mineral regenerated may be repre- 
sented by the following equations. The first equa- 
tion shows the reaction between calcium sulphate 
dissolved in water and the zeolite material, and the 
second equation the following reaction which occurs 
when the mineral is regenerated with sodium 
chloride. 


Softening 
(1) Calcium sulphate + sodium zeolite 
= sodium sulphate 
CaSO, + Na:Z = Na,SO, 


+ calcium zeolite 
+ CaZ 


Regeneration 
(2) Calcium zeolite + sodium chloride 
= sodium zeolite 
CaZ + 2 NaCl = Na:Z 
+ calcium chloride 
+ CaCl, 
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Fig. 1—Sectional side view of zeolite softener 
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In practice a softener is not operated to complete 
exhaustion of the replaceable sodium in the mineral 
bed. If, for instance, a water having a hardness in 
terms of calcium carbonate of 20 grains were being 
softened, the effluent water for the major part of the 
softening run might have a hardness of 0.5 grains 
and in the latter part of the run have this hardness 
gradually increase to 1.0 grain before the softener is 
cut out of service for reconditioning. If kept in 
operation, the effluent water would not immediately 
assume the hardness of the influent water, but would 
be partially softened for a time indicating that some 
replaceable sodium remained in the mineral after 
the usual state calling for regeneration was reached. 
Conversely a freshly regenerated mineral bed can be 
made to release more calcium and magnesium upon 
immediate treatment with a second salt brine. By 
soaking a sample of high capacity base-exchange 
material in several changes of strong calcium chloride 
and then reconditioning it repeatedly with salt solu- 
tion, the author once determined that only 5 per 
cent of the exchangeable sodium in that particular 
kind of mineral came into play in its ordinary use in 
a commercial softener. 

It is characteristic in general of high capacity or 
artificial zeolites that only a small part of their ex- 
changeable sodium content is employed in the ordin- 
ary water softening cycle, whereas when greensand is 
the softening medium a much greater percentage of 
the exchangeable sodium present enters into reaction 
during each softening run. This is why the effluent 
from a greensand softener becomes as hard as the in- 
fluent water when the run is continued past the usual] 





ing run and the regeneration when made does not 
properly recondition the mineral. If this practice 
be repeated a number of times, the mineral will be 
injured. 

Since the mineral in a softener in commercial use 
is never completely exhausted or completely regener- 
ated in ordinary practice, it follows that varying the 
amount of brine used in reconditioning a softener will 
affect the amount of soft water obtained. Fig. 3 
illustrates the result of varying the amount of salt 
used with greensand with respect to the capacity 
obtained per pound of mineral. 

It will be noted that increased capacity is obtained 
by using more salt but at the expense of economy in 
the use of salt. Thus under the conditions of test, a 
charge of salt which brought out 26 grains of ex- 
change value from each pound of greensand, did so 
at an efficiency of 0.35 lb. of salt per 1,000 grains ex- 
change. To obtain 32 grains exchange, or a 23 per 
cent increase in exchange per pound of mineral, 
required an amount of salt which gave 0.45 lb. per 
1,000 grains exchange or a decrease of 29 per cent in 
salt economy. High capacity zeolite has its own 
characteristic curve for salt economy versus exchange 
per pound of mineral. Although salt economy lies 
in low exchange per pound of mineral, first cost for 
a softener is less if a higher salt consumption is used 
to get higher exchange capacity from the mineral pre- 
sent and consequently longer runs between regenerat- 
ing periods. The common commercial practice is to 
operate using a half-pound of salt per 1,000 grains of 
exchange. The curve indicates that at this rate 
greensand should yield 3434 grains exchange per 


UNITS OF EQUAL CAPACITY - 200,000 GRAINS EXCHANGE. 
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Fig. 2—Softening curve on 10 grain water 


reconditioning point much more quickly than does 
the water from a unit employing high capacity 
mineral, under similar circumstances. The char- 
acteristic behavior of greensand and high capacity 
zeolite in this respect is illustrated in Fig. 2. This 
characteristic of high capacity zeolite is sometimes a 
source of trouble in that the operator may not re- 
generate it promptly at the proper end of the soften- 
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pound or 3,128 grains per cubic foot. By proper 
design this capacity can be exceeded but 3,000 grains 
exchange using half a pound of salt per 1,000 grains 
is conservative practice. 

Thus a softener handling 5,000 gal. of ten-grain 
water per run would contain sufficient mineral to 
handle 50,000 grains of calcium carbonate or its 
equivalent in hardness per cycle and would consume 
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25 lb. of salt per regeneration. The efficiency of recon- 
ditioning 1s, however, affected very seriously by other factors 
than the simple relationship between pounds of salt re- 
moved and grains of hardness handled. The concentration 
and handling of the salt brine is of great importance. 
The effect of concentration can be gathered from a 
consideration of the following suppositious proceed- 
ing. We will assume that 5 1b. of mineral having an 
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tion of the other two-thirds? The common statement 
is to the effect that the excess is necessary to cause 
the release of hardness from the mineral and the tak- 
ing up of sodium thereby. This is not strictly in 
accordance with the facts. Examination and analysis 
of the first of the spent brine coming from a softener 
being regenerated reveals it to be almost completely 
converted to calcium (and magnesium) chloride. 













30 3! 32 33 34 35 


Fig. 3—Effect of varying salt charge on capacity of greensand 


exchange capacity of 200 grains per pound has been 
placed in a suitable container. 

This will give us a small softener unit possessing a 
total exchange capacity of 1,000 grains. Next we 
will take too gal. of water and add enough calcium 
chloride to create a hardness of ten grains per gallon. 
Let us, also, add enough salt to be equivalent to 20 
grains per gallon. It is widely understood that 
if there be too much salt in a hard water, it cannot be 
softened by zeolite but this twenty grains may be 
recognized as an amount which is not prohibitive. 

We can then flow our 100 gal. of water containing 
a total of 1,000 grains of hardness through our soft- 
ener, exhausting its capacity and obtaining a hun- 
dred gallons of water which will now contain the 
calcium carbonate equivalent of 30 grains of salt 
per gallon or a total content of 3,000 grains in terms 
of calcium carbonate. The actual weight of this salt 
will be 3,500 grains or half a pound. 

If we take this soft water and evaporate it down 
to a volume of half a gallon it will give us a brine 
which will recondition our softener. The spent 
brine will contain the equivalent in calcium car- 
bonate of 1,000 grains of calcium chloride and 2,000 
gtains of salt. If we dilute the spent brine to a 
volume of 100 gal. we have our original hard water 
again. It is characteristic that the sodium salt brine 
used is equivalent in strength to three times the 
hardness stored up in the mineral and the figures in 
this illustration have been chosen to point out the 
effect of concentration. 

Whether the mineral gives up or takes on hardness 
depends upon the concentration of the solution with 
which it is in contact. We have seen that only one- 
third of the salt in the reconditioning brine is actually 
used in the regenerating act. What then is the func- 
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Apparently the presence of excess sodium chloride is 
not needed to cause the mineral to release its stored up 
hardness. Why then do we use so much more than 
the theoretical amount necessary for reaction? 

We use the excess because we push the brine 
through the softener with water. It is inevitable 
that the water will dilute the brine to some extent. 

The brine soaks into the mineral particles and 
clings to their surfaces so that it is slowly washed out 
and the effluent gradually decreases in chloride con- 
tent. If we use only the theoretical amount of brine 
to recondition the mineral it will be high in calcium 
chloride. The last brine to wash out will be greatly 
diluted by water and instead of the calcium remain- 
ing in the spent brine it will pass back into the min- 
eral. But if the impure brine be washed from the 
mineral by a following excess of pure sodium brine, 
dilution of the latter by water does not take place 
with calcium present to pass back into the mineral. 
It is not the intention to give the impression that 
this is the sole function of the excess brine. The first 
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Fig. 4—Diagram showing effect of concentration 


portion of the brine does not completely recondition 
the mineral and the following portions must be high 
in sodium content to draw out the remaining hard- 
ness but only so long as their concentration is kept 
up do they exercise the greatest benefit. 
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The practical importance of this factor crops up as 
the explanation of some observations on the conduct 
of individual softeners or types of softeners. A 
common method of introducing the salt is by drawing 
a saturated solution from a brine tank by means of a 
water ejector, the water diluting the saturated solu- 
tion to about 10 per cent strength. 

The amount of dilution which will occur is de- 
pendent to a large extent upon the resistance to the 
flow of the brine down through the mineral bed. 
This mineral bed functions as a partially closed valve 
in the line of flow of the ejected brine. If this valve 
be closed completely water would back up through 
the ejector into the brine tank instead of the ejector 
drawing brine from the tank (unless a check valve 
prevents it). Other things being equal, the wider 
open the valve or the less resistance in the mineral 
bed the more concentrated the brine. 

Upflow softeners in which the mineral bed is kept 
loose by the upward passage of the water during the 
softening action or well backwashed downflow 
softeners will not ordinarily offer sufficient resistance 
to the brine flow to cause harmful dilution of the 
brine. Trouble may develop when: 


1. Packed or dirty mineral beds offer high resist- 
ance to brine flow. 

2. The inlet water pressure is low at the time of 
reconditioning and does not operate the ejector 
satisfactorily. 

3. Spent brine is pushed to an elevated point of 

discharge causing considerable back pressure. 

4. Very deep mineral beds are employed. 


Other possibilities will occur to the reader but it 
is evident that when deep mineral beds are advisable 
or brine must be wasted at a high level, brine of proper 
concentration can be passed into the softener by first 
draining off the water in the freeboard space above 
the mineral and then passing the brine into this 
space before forcing it down through the bed. of 
mineral. 

If the mineral bed is packed hard in various parts 
but not throughout, the concentrated brine will enter 
the softener but will be first trapped by and then 
slowly washed out of these areas. The pure cleansing 
excess brine will be so diluted by the time these 
packed areas are being washed clean from impure 
brine that some hardness is certain to re-enter the 
mineral. 

The writer has seen several unsuccessful attempts 
made to devise continuously reconditioning soft- 
eners in which brine and mineral flow together and 
the brine is continuously diluted away. This seems 
an impossibility if efficiency is to be considered as 
impure brine must not be diluted in contact with the 
mineral. 

It is difficult to upsalt a greensand softener while 
high capacity zeolite softeners are commonly sold 
to recondition upwardly. The explanation lies in the 
volume relationship of the reconditioning brine to 
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the mineral reconditioned and in turn to the concen- 
tration effects obtained. 

The volume of 10 per cent brine necessary to recon- 
dition 3 cu. ft. of high capacity zeolite rated at 
10,000 grains per cubic foot is the same as that re- 
quired to recondition ro cu. ft. of greensand rated at 
three thousand grains per cubic foot. 

When the greensand is upsalted, the volume rela- 
tionship is such that the head of the brine column 
is still but part way up through the mineral bed when 
the last of the pure brine passes in at the bottom. 
The brine passes up through the mineral as a wave 
or a disc of less thickness than the depth of the 
mineral bed. Once this disc of brine is lifted from 
the bottom of the softener, it tends to dilute down 
into the following water. The water pushes up and 
finally dilutes the head of the column or the immedi- 
ately following brine and hardness goes back into 
the mineral. This effect is the more pronounced the 
shallower the bed and the greater the diameter of the 
softener. 

When the high capacity mineral is upsalted the 
wave of brine is thicker than the mineral bed itself. 
Impure brine flows out of the top of the softener and 
is largely away from contact with the mineral when 
the last of the pure brine enters the bottom of the 
softener. The following water does not penetrate 
the brine disc far enough to reach and dilute the im- 
pure brine. 

In considering the subject of upflow salting it may 
be pointed out that too high a rate of flow during the 
salting operation will not allow sufficient contact 
time of the brine with the mineral to permit thorough 
reconditioning. On th. other hand, too slow a rate 
of flow will not give proper distribution of the water 
to all parts of the bed and water may flow up 
through one side of the brine wave to dilute the im- 
pure brine at the top. 

Downflow reconditioning has the advantage that 
the brine is heavier than the following water and is 
more easily pushed ahead as a uniform wave. The 
fine mineral in greensand softeners offers sufficient 
resistance to the brine flow to spread it out as a 
uniform downward wave but when coarse high 
capacity zeolite is employed care must be taken to 
distribute the incoming brine over the surface of the 
mineral bed so as to avoid a heavy stream of brine 
flowing down through one portion of the mineral. 
Tall narrow softeners allow better distribution of the 
brine in either upflow or downflow salting. It is 
more the concentration factor in salting than the dis- 
tribution factor in softening that makes minimum 
bed depths a necessity. 

There is much more that can be said on the subject, 
but the foregoing discussion should serve to bring 
out the importance of concentration as a factor in 
regenerating zeolite softeners. Mechanical design 
and operation should be such as to force the brin: 
uniformly through the mineral bed followed by pure 
brine as the medium to be diluted by the wash water | 
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Fig. 1—Exterior of Hardenberg plant showing the steam 
generator which is only partially enclosed by the building 


HE initial German installation of a Combustion 

Steam Generator has recently been completed at 
the Hardenberg Colliery of the German United Steel 
Works, near Dortmund, by Kohlenscheidungs- 
Gesellschaft, the German manufacturing organization 
which is associated with International Combustion 
Engineering Corporation. 

In this generator, pulverized fuel is introduced at 
the four corners of the furnace near the bottom and is 
burned in a zone of violent turbulence, the combus- 
tion gases filling the entire furnace. The furnace 
walls are of the all-metal, water-cooled type. The 
design, which will be described in detail, is a dis- 
tinct departure from the traditional form of steam 
boiler and represents the most advanced practice in 
the development and coordination of those elements 
which comprise a steam generating unit. 

The selection of the steam generator for Earden- 
berg followed a careful investigation of-available 
designs which have been developed in both European 
and American practice and the decision was largely 
influenced by the fact that two and a half times as 
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much steam could be produced with the new pro- 
posed generator than could be obtained from either 
one of the two existing boilers installed at this plant, 
which were equipped for vertical firing of pulverized 
coal and which occupied approximately the same 
space as would be required by the new generator. 

The fuel used at Hardenberg is bituminous coal 
from the Ruhr district. Analyses of the dry coal 
show the following values: 28 per cent volatile 
matter, 2 per cent moisture, 20 per cent ash, and an 
average net calorific value of 11,300 B.t.u. per |b. 
The fusing temperature of the ash is 2000 deg. fahr. 

Because of the high ash content of this coal, there 
was difficulty in finding a market for it and its value 
had been considerably underrated. The United Steel 
Works therefore considered it advisable to burn this 
fuel in pulverized form in its own plant. 

The coal is pulverized in one large tube mill and 
from the pulverizer is delivered to the storage hop- 
pers over the two old boilers and the new steam 
generator. The pulverized coal is supplied to the 
steam generator by means of two rotary feeders and 
is transported from the feeders by the primary air to 
two cyclone distributors placed above the boiler and 
shown at b in Fig. 2. Each of these two distributors 
has four tangential outlets each leading to a burner, 


‘of which there are two fitted at each corner of the 
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furnace immediately above the water screen tubes, 
thus, making a total of eight burners. These burners 
are so designed that they will burn either pulverized 
coal or coke oven gas, or both. The general arrange- 
ment of the burners is shown by Fig. 4. Coal passes 
through the inner square opening of the burner while 
gas can be admitted through a surrounding channel. 

Gas is used as fuel when the pulverizer is taken out 
of service for inspection or repair, or, when there is a 
surplus of gas. ' 

In putting the boiler into service, one burner is 
operated with gas for a short time and this serves to 
provide the necessary heat to ignite the pulverized 
coal when admitted to the furnace. Below each row 
of burners, a row of secondary air inlets is provided, 
while a third row of air admission ports is placed 
approximately halfway up the furnace. These latter 
air ports have so far been kept closed as it has been 
found preferable to admit all of the air required for 
combustion through the inlets near the bottom of 
the furnace. All burners and air inlets are so disposed 
and adjusted ‘that their center lines form tangents to 
an imaginary circle of 2 ft. radius about the vertical 
center line of the furnace as shown in Fig. 2. 


The ash hopper is protected from the heat of the 
furnace by two rows of water screen tubes connected 
to headers which in turn are connected into the boiler 
circulation. Thus, the water screen serves as an 
integral part of the unit. 

The four vertical furnace walls are constructed of 
bare fin tubes. There are no outside downcomers in 
connection with these walls, as may be seen by refer- 
ence to the section of the boiler shown in Fig. 2, and 
in this way the boiler is simplified very materially. 
The rear wall is formed by fin tubes, but the fins do 
not extend the full length of the tubes in order that 
free passage for the furnace gases may be provided. 
The front wall tubes are connected at the top of the 
boiler to three rows of roof tubes, the lower row of 
roof tubes having only half the number contained 
in each of the two upper rows. 

The gases leaving the furnace pass through the 
superheater chamber, which also receives some direct 
rad ant heat from the furnace through the spaces 
between the roof tubes. The saturated steam first 
flows through the more exposed part of the super- 
heater, thus affording very effective protection 
against damage to the superheater tubes. A steam 
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SECTION A-A 











‘Fig. 2—Sectional elevations and sectional plan view of steam generator installed at Hardenberg 
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purifier, shown in Fig. 2, is located in the saturated 
steam line, but experience has proved that such pre- 
caution was quite unnecessary, it being found that 
the steam at all times is practically dry. No priming 
whatever has occurred, even with the load fluctua- 
tions shown in the chart Fig. 6, this fact being very 
carefully checked by determination with a throttling 
calorimeter. Condensate is used as boiler feed. 

The gases leaving the superheater chamber enter 
the convection bank which is formed by long 
straight boiler tubes, and then flow downwards 
parallel to the tubes and leave at the bottom to 
enter the air preheater chamber. The air preheater is 
divided vertically as well as horizontally; thus, there 
are four air heater compartments. The gases from the 
boiler proper are divided into two streams which 
pass through the two parallel air preheater sections. 
Leaving the top of the air preheaters, the gas streams 
unite and flow downward through a duct between the 
air preheater sections shown at e in Fig. 2, to the 
chamber (f) from which they pass to the induced 
draft fans. The reason for dividing the air preheater 
vertically was an economic one. Two small sections 
could be constructed at a lower price than one long 
one since long steel plates are subject to a very high 
surcharge in Germany. 

The path of the secondary air can easily be fol- 
lowed by reference to Fig. 2. Originally, cold air 
was drawn directly from the outside but it was 
ultimately found more advantageous to take the air 
from the building as this avoided cooling portions of 
the air preheater plates to a temperature which in 
winter might prove too low for satisfactory opera- 
tion. 

As shown in Fig. 1, the steam generator stands in 
the open, but the front wall with the operating 
platforms and the ash hopper floor are housed in. It 
is claimed by the United Steel Works’ management 
that a material saving in constructional cost has been 
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Fig. 3—Steam flow diagram of Hardenberg plant 


effected by this arrangement, as the costly roof con- 
struction of a large boiler house has been avoided. 

The circulation in the steam generator is positive 
throughout. There are no downtake tubes other 
than those in the rear bank of the boiler. The upper 
drum is somewhat longer than the bottom drum in 
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order that large compartments may be provided at 


each end where the water will be unaffected by. 


turbulence. In these chambers are placed the float 


feed water regulator and the overflow to the feed 


water accumulator which is later described. 


The purchaser considered it necessary to install a. 


Kiesselbach accumulator in conjunction with the 
generator owing to the very large fluctuations in 





Fig. 4—Corner of furnace showing arrangement of burners and 
secondary air ports 


load, which may rise in theshort spaceof a few seconds 
from an evaporation of 66,000 Ib. of steam per hour 


- ae 


to 132,000 lb. of steam, or even more. Prior to the ° 
installation of the steam generator, these fluctua- 
tions were met by the use of six large Lancashire type - 


boilers, but since the installation of the generator, 
these units have been discarded. 


The arrangement of the accumulator, and the’ 


boilers, is shown in Fig. 3. The pressure in the ac- 


cumulator is the same as theboiler operating pressure, ’ 
about 300 lb. per sq. in. By means of a circulating ' 


pump, a constant supply of water is fed to the boilers 


in operation, this water being divided by orifices in‘ 


quantities proportional to the size of the boilers. 
Should the rate at which water is fed to a boiler be 
in excess of the quantity of steam evaporated, the 


surplus water flows from the boiler to the accumu- ° 


lator, thus loading the accumulator. If steam is being 
generated at a greater rate than is represented by the 
supply of feed water, the level of water in the boiler 


will fall, which has the effect of reducing the amount ° 


of water supplied to the accumulator, while water 


from the accumulator passes continuously to the’ 
boiler. A regulating device has been installed to’ 
vary the rate of cold water feed in accordance with ° 
the steam pressure. Should the pressure in the steam | 
main drop, then the rate of feed is reduced, and, if ’ 
the pressure rises, an increased amount of feed water ° 


is supplied to the boiler. In order to secure a proper 
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distribution ot the circulation of water from the 
accumulator to the boilers, the pressures in all the 
drums must be equal. This equalization of pressures 
is Obtained by a system of interconnecting steam 
Jines connecting the boiler drums with each other 
and also with the steam space of the accumulator. 
This latter connection is very necessary as even with 
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Fig. 5—Diagram showing draft loss through unit 


a slight pressure drop a certain amount of steam is 
liberated in the accumulator wh ch has to be led to 
the boiler. | 

The operation of the combined boiler and accumu- 
Jator is verv -atisfactory. There are certain minor 
fluctuations of superheat, but they are not considered 
great enough to be objectionable. The degree of 
superheat rises when the accumulator is being 
chatged because the heat liberated in the furnace is 
higt. 1n proportion to the amount of steam made. 
The reverse occurs when the accumulator is dis- 
charging. Another factor which afiects the tempera- 
ture of the superheated steam is the possible flow 
of steam from one boiler to another when one boiler 
is steaming at a greater capacity. Should, however, a 
more constant degree of superheat be desired, a 
regulating device could be installed which would 
secure this result. 

The performance of the steam generator is in every 
respect extremely satisfactory and it ic significant 
that one week after the plant was first pu’ into opera- 
tion it was ready for inspection by visitors. 

When the boiler is evaporating 75,000 lb. of water 
per hour, the maximum furnace temperature is 
2430 deg. fahr., the temperature at the top of the 
furnace is 1950 deg. fahr. and immediately over the 
water screen tubes a temperature of 1920 deg. fahr. is 
recorded. These temperature readings were obtained 
by means of an optical pyrometer directed at the 
brickwork in the corners of the furnace and at a 
point where no flame was visible. 

No slagging occurs in this furnace and the water 
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screen tubes, roof tubes and convection tubes can 
be kept clean by being blown once a day by means of 
an air lance. In spite of the fact that the coal con- 
tains a high percentage of ash with a low fusing 
point, no trouble has been encountered. The lower 


- half of the furnace tubes are kept clean on one side by 


the sweeping effect of the turbulent flame, but a 
portion of the tubes is covered with a thin gray 
layer of dust. On the upper half of the tubes and 
the fins, this thin layer of dust is distributed more 
uniformly. The amount of ash accumulated in the 
ash hopper is proportionately larger than is the case 
with the older Lopulco furnaces, while the amount 
of unburnt carbon in this ash is slightly higher. On 
the other hand, the ash carried out of the furnace in 
suspension in the gases is extremely well burnt out. 

As the furnace is entirely surrounded by water- 
cooled walls, it is possible to maintain a high per- 
centage of CO, in the gases without fear of having an 
excessively high furnace temperature. The percent- 
age of CO, in the gases at the boiler exit can be main- 
tained between 14% and 15 per cent. 
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Fig. 6—Chart showing rapidity of fluctuation in steam demand 


The draft loss through the boiler and through the 
air preheater is shown in the chart, Fig. 5. 

The trend of development in boiler design is to- 
ward increased production of steam per square foot 
of heating surface with the objective of a much lower 
capital cost per unit of output and per square foot of 
ground area occupied. The type of steam generator 
described in this article represents a forward step 
which is definitely in line with this trend. 
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Research 


The established research agencies of the 
country are quietly but effectively doing a stu- 
pendous work, the full value of which is little 
realized in the rapid tempo of present-day busi- 
ness activity. The results of this research are of 
profound importance to every branch of Ameri- 
can Industry. New and better ways of utilizing 
our raw materials, their conservation and more 
extended uses are all problems which are occu- 
pying the minds of research workers and to a 
large extent the future supremacy of American 
business rests with these workers who are 
planting the guide posts for generations to come. 
Among the great research institutions of the 
country is the Mellon Institute at Pittsburgh. In 
this interesting article, Mr. Hamor tells of the 
work his institution is doing in the various fields 
of fuel economy. 


MARKED trend in the industrial life of the 

country during recent years has been the in- 
crease in primary power used in manufacturing, both 
in regard to total volume, which has increased at a 
rate nearly four times as rapid as the growth in pop- 
ulation, and in regard to the amount per employee. At 
the same time there has been an increase in the efh- 
ciency with which power is generated from fuel. 
These developments are dependent upon basic im- 
provements in fuel technology, both as to the prob- 
lems connected with the fuel itself and as to those 
involving the engineering of fuel utilization. Such 
fields of study will be increasingly important as the 
sources of raw fuel materials approach exhaustion— 
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in the case of petroleum, for example—or at least be- 
come less advantageous economically. 

One aspect of fuel economy is attracting wide- 
spread attention, namely, that of the city smoke 
nuisance. Over five hundred million tons of bitumin- 
ous coal, the troublesome fuel from the standpoint of 
visible smoke, were consumed in the United States 
during 1927, and it is safe to say that twenty per 
cent of the fuel bill of the nation was wasted. Smoke 
is a by-product of combustion, and in common with 
many other unutilized by-products it represents also 
a nuisance and a danger to public welfare. Mellon 
Institute has been a pioneer in pointing out bor’ sides 
of the air pollution question. 

Other examples of the successful collaboration of 
science and industry will be described in the following 
paragraphs. They have to do with the proper em- 
ployment of insulating materials to prevent the l):s 
of heat generated by combustion and with the most 
advantageous ways of using several raw fuels. 


Fuel Wastage 


The visible evidence of the waste of fuel during its 
combustion—smoke—is present in all industrial 
centers. Almost every one detests smoke, the average 
ordinary man for esthetic and hygienic reasons, and 
the alert business man because he realizes the loss it 
represents. Until comparatively recently, however, 
little constructive effort has been directed toward its 
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abatement. At the present time smoke elimination 
is a live subject in communities in this country and 
abroad. In the United States, at least one hundred 
and twenty-five cities with a population of thirty 
thousand or more have smoke ordinances of one form 
or another, more or less strictly enforced. Scientific 
research is being carried on in a few centers. 
fortunately these investigational projects are not yet 
concerted in action, and there is some unnecessary 
duplication of effort. 

Mellon Institute's Investigation of 1911-14.—The first 
broad scientific study of smoke abatement was 
sponsored byMellon Institute during 1911-14. This 
investigation had as its objects the determination of 
the extent of air pollution by smoke in the city of 
Pittsburgh as measured by sootfall, and the initia- 
tion of preventive measures to curb the nuisance. 
Conditions in plants whose stacks emitted unneces- 
sary smoke were investigated, and the effects of air 
pollution on health, vegetation, meteorological 
conditions, paints, building materials, and interior 
decorations were studied. The results of the survey 
showed that an average of about one thousand tons 
of solid matter was precipitated per square mile per 
year in the city limits; ten tons was tar, about three 
hundred tons combustible material other than tar, 
and about seven hundred tons ash. Specific obnoxi- 
ous gases and solids not imparting color to the smoke 
stream were not considered at that time. 

An anti-smoke ordinance was passed by the city 
after these results had been obtained. It has remained 
in effect these many years. It prohibits dense smoke 
of two minutes or more duration in any period of 
fifteen minutes. This is the limit placed in the aver- 
age ordinance, because a lower limit has not seemed 
feasible under present operating conditions. 

The Institute's Second Smoke Study.—In 1923-24, ten 
years after the first research, a supplemental survey 
was made by Mellon Institute to determine the results 
accomplished by the Pittsburgh ordinance. Samples 
were collected and analyzed exactly as in the first 
investigation. The data showed one marked differ- 
ence: the tarry matter had been reduced by about 
two-thirds; but, on the other hand, the total solids 
had increased by about forty per cent. 

All results of these two studies have been made 
available to the scientific and general public by in- 
corporation in ten bulletins and in a number of jour- 
nal articles and press releases. The improvements 
effected by the smoke abatement regulations are the 
following: material reduction in dense smoke; 1m- 
provement in combustion methods; improvement in 
boiler and furnace design; and increase in possible 
sunshine with a corresponding decrease in the number 
of ‘‘dark days.” 

The Institute's Present Air Povtution Investigation. 
This broad study was reestablished in 1928 as one 
phase of Mellon Institute's basic, non-commercial 
research. H. B. Meller, Senior Industrial Fellow, 
heads the project. He is being aided in the experi- 


40 


Un- 


mental work by four assistants, and the co mpre- 
hensive plans in regard to the scope of the investiga- 
tion will necessitate a larger personnel. 

The objects of this study are, in a broad way, to 
arouse public interest in the harmful effects of air 
pollution and to propose and to secure adequate and 
economically sound measures for relief. In addition 
to ‘‘dark smoke,”’ it will be necessary to take into 
account the obnoxious gases and the solids that do 
not impart a dark color to the gas stream. The ex- 
perimental work that is now being carried on may 
be grouped under the following headings: (1) de- 
termination 8f amounts and compositions of solid 
matter and gases at the sources; (2) study of the 
distribution and behavior of these solids and gases 
in the atmosphere; (3) their effects, particularly in 
screening out sunshine; and (4) the possibility of 
developing methods to prevent them from getting 
into the atmosphere. 

To determine approximately the solid matter and 
gases emitted from stacks, tests must be made on 
boilers and furnaces of different kinds and sizes, 
hand-fired and stoker-fired, with good draft and poor 
draft, with light load and heavy load, and with 
different kinds of fuel. Enough tests must be made 
to render possible an approximate estimation of the 
air pollution due to any one installation. By tabulat- 





Collecting dust samples. One of nineteen Mellon Institute 
Stations located in various parts of Pittsburgh 


ing the plants according to the tests, it thus becomes 
possible to estimate an approximate total for a city. 
The groups to be considered may include loco- 
motives, steamboats, stationary plants, and port- 
able boilers. In studying the air pollution of a city, 
it is important to consider also plants lying outside 
the city limits, which may be a contributing factor. 
The automobile, too, may be a greater offender in 
causing air pollution than is generally realized. The 
products of incomplete combustion of its fuel are 
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emitted at a lower level; they are therefore more of a 
nuisance than they would be if coming from a chim- 
ney. 

The distribution and behavior of solids in the 
atmosphere are being studied by two methods in the 
Mellon Institute investigation. The solid particles 
are, of course, of different densities, and their deport- 
ment varies accordingly. Deposited solids are col- 





Counting dust particles. A sample of air is drawn through the 
apparatus and then the suspended solid particles are precipitated 
on a glass plate 


lected in containers placed at nineteen different 
stations in the City of Pittsburgh. The daily samples 
exhibit the effect of varying weather conditions. The 
monthly samples give an adequate amount of ma- 
terial for chemical analysis. The second experi- 
mental method consists in the use of the Owens 
jet dust counter for studying suspended particles. 

One of the most important aspects of air pollution 
is its screening effect on the beneficial rays of the sun. 
A quartz spectrograph is being used as the basis for 
the standardization of the work on the wave-lengths 
and intensities of the rays transmitted under different 
conditions. Most of the studies will be made, how- 
ever, by using the photo-electric cell. 

An investigation of this broad character would 
not, of course, be of maximum value unless construc- 
tive measures for relief from air pollution were en- 
visaged in its program. One branch of this study is 
concerned with such work, and helpful suggestions 
are continually being made to large heating and 
power installations in regard to the best firing 
methods—best from the point of view of economy as 
well as of minimizing smoke. Then, too, advice is 
given to home managers in regard to the best prac- 
tises in furnace firing. Small furnaces in houses may 
each contribute only a negligible amount of smoke, 
but in the aggregate their effect may be tremendous. 

The Capnometer, an Instrument for the Measurement 
of Air Pollution—The photo-electric cell will play 


COMBUSTION— October 1930 


an important part in the determination ot the amount 
of atmospheric contamination, its distribution and 
some of its effects—particularly in screening out 
ultraviolet radiation. One device being worked on 
in the Institute, which has been named the capno- 
meter (Greek kapnos, smoke, and metron, measure), 
uses the photo-electric cell in combination with a 
modulated light beam, a tuned amplifier and an 
indicator or recorder. While this apparatus is still 
in the experimental stage, appreciable signals from 
the modulated beam have been received over hori- 
zontal distances up to 3000 feet, the strength of the 
signals varying with the density of the intervening 
atmosphere. 
Heat Insulation 


Since 1916 a Multiple Industrial Fellowship has 
been sustained at the Institute for the purpose of 
making a broad research in the field of heat insula- 
tion. The program has included the development of 
standard methods of testing insulating materials and 
the examination of different products under condi- 
tions that would justify definite conclusions in regard 
to their merits. Then, too, the incumbents of this 
fellowship have made many valuable contributions 
to the theoretical and practical problems of thermal 
engineering. 

The results of many of the studies have been pub- 
lished for the benefit. of those interested. These re- 
leases have been not only on fundamental questions 
but also on topics of great practical importance. In 
particular, emphasis has been laid on the value of 
proper insulation of small heating units for residences 
as well as in factory installations. 

The most recent achievement of this Fellowship, of 
which the Senior Fellow is R. H. Heilman, is the 
development, in cooperation with the Aluminum 
Company of America, of a new high-temperature 
heat insulating material, ‘“Aluminite.’’ This pro- 
duct has been thoroughly tested out under working 
conditions, and is now being produced and marketed 
on a large scale. 

Research on fuel economy, especially at Mellon 
Institute, has convinced engineers and industrialists 
that proper heat insulation is an investment. The 
fact that the loss of heat from one thousand square 
feet of exposed surface of bare pipe at one hundred 
pounds per square inch steam pressure represents Over 
three hundred tons of coal annually has induced 
progressive plant managers to insulate thoroughly 
their boilers, steam lines, and all other equipment in 
which heat is utilized. Generally speaking, the tn- 
vestment in heat insulation in industry will pay tor 
itself within a short time—quite often in less than a 
month. 

Petroleum 

It is but natural that petroleum chemistry should 
be an important branch of American industry. 
Coupled with the vast oil deposits of America is the 
fact that the first scientific investigation of crude 
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petroleum was made seventy-five years ago by an 
American chemist, Benjamin Silliman, Jr. He wrote 
that as a raw material it should prove to be the 
source of very valuable products, but he would in- 
deed be astounded to find the high economic im- 
portance it has achieved in agriculture, manufac- 
turing, commerce, and the pleasures of life. 
Petroleum is the source of gasoline, which is re- 
sponsible for the development of the internal-com- 
bustion engine. It gives the supply of illuminating 
oils, America’s greatest gift to the uncultured peoples 
of the world. It provides the lubricating oils for the 
complex mechanical equipment that is vital to our 
industrial activity. Fuel oil is important for in- 
dustrial power and for oil-burning ships. Finally, 
crude petroleum forms the basis for an industry of 
chemical products of almost unlimited possibilities. 
Mellon Institute has taken an active part in the 
development of modern petroleum technology. 
Since 1911 a Multiple Industrial Fellowship, of 
which W. A. Gruse is now Senior Fellow, has been 
studying problems of petroleum refining. Many 
contributions have been made to the literature on 
various aspects of cracking, purification, and practi- 
cal application of the various petroleum fractions. 
The technology of petroleum production also has 
received much research attention. Since 1924 a 





’ View of the laboratory of the Multiple Industrial Fellowship 
on heat insulation 


Multiple Industrial Fellowship has been studying a 
number of broad questions in regard to tield prob- 
lems of the petroleum industry. This tellowship is 
headed by A. G. Loomis. 

Among the contributions of Mellon Institute 
scientists has been a series of books on the petroleum 
and closely related industries: “‘American Fuels,’’ by 
Bacon and Hamor; “‘The American Petroleum In- 
dustry,’’ by Bacon and Hamor; **The Examination of 
Petroleum,’’ by Hamor and Padgett; and ‘*Petroleum 
and Its Products,’’ by Gruse. A series of popular 
talks on automobile engines was broadcast in 1927 
from the University of Pittsburgh Studio of Station 
KDKA. These talks were published in booklet form 
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by the University under the title ‘‘Automobilc 
Engines: Their Operation and Care.”’ 


Coke and Its By-Products 

The Koppers Company has maintained a Multiple 
Fellowship at the Institute since 1917. The senior 
incumbent of this Fellowship is F. W. Sperr, Jr. 
Here much work has been done on the basic prob- 
lems of by-product coke technology. Extensive 
additions to the literature have been made by the 
various scientists engaged in this investigation. 

The important part played by coke by-products 
during the war is now a familiar story. Almost every 
research project in this field had direct or indirect 
association with military affairs. Prior to the entry 
of the United States into the war, the Koppers Com- 
pany had been conducting an energetic campaign for 
the installation of new by-product coke ovens and 
benzol-recovery plants. By this means our resources 
in the organic compounds used as raw materials for 
explosives, in particular toluol, were greatly in- 
creased. 

The by-products from coke manufacture afford the 
chemist an almost inexhaustible field for research, 
inexhaustible because the development of uses for 
each by-product furnishes additional by-products 
that must be studied and applied to useful pur- 
poses. Now practically every plant is equipped 
for benzol-recovery and in the process of recovery a 
number of materials—oils, tars, residues—are found. 
From these substances the Fellowship has developed 
such products as turpentine substitutes, linseed oil 
substitutes, wood preservatives, disinfectants, varn- 
ishes, paints, electrical insulating materials, etc. 
Such developments are but a small part of the many 
possibilities offered in connection with the recovery 
of benzol alone. 

Cne of the main subjects of this research has been, 
of course, coke ftself. The average blast-furnace man 
of a few years ago preferred coke made by the waste- 
ful bee-hive oven. It is now recognized throughout 
the country that by-product coke is superior. Real 
improvements have been effected in this coke, and 
research is in progress for the purpose of making still 
greater improvements. Investigations are necessary 
in both laboratory and plant to decide upon the 
methods for producing the best possible coke from 
new types of coals. The results of these studies are 
of the utmost importance from the standpoint of fuel 
economy and conservation. 


Natural Gas 

The natural gas industry is a great business enter- 
prise, with myriads of ramifications, which renders 
a public and civic service in purveying light, heat, 
and power. The supply must be conserved for the 
greatest good for the longest time to the greatest 
number, and the industry is always on the look-out 
for means of preventing wastes and losses. Natural 
gas is refined and cleaned to permit the most efficient 

(Continued on page 53) 
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Modern British Practice 
in Design and Application 


By 
DAVID BROWNLIE 
i 2 Re Se 


The first requisite of steam plant auxiliary equip- 
ment is reliability. The second is economical opera- 
tion. Since the advent of the steam turbine there 
has been a steadily increasing preference for small, 
high-speed rotary auxiliaries instead of the massive, 
slow-speed reciprocating machines of a generation 
ago. The wide adoption of the centrifugal boiler 
feed pump logically follows this trend, for in addi- 
tion to maximum reliability, the rotary pump is both 
inherently efficient and economical in application 
since either steam or electric drive may be used, 
the choice depending on which arrangement gives 
the best overall heat balance for the station. 


HE standard operating method throughout the 

world for boiler feeding in power stations and 
large industrial steam plants is the use of high speed, 
single or multi-stage, centrifugal pumps, generally 
direct connected to either an electric motor or steam 
turbine drive which is mounted with the pump on 
a combined base plate. Any method of driving can 
however be adopted. 

It is the object of this article to make reference to 
the latest British practice in this field and to em- 
phasize the value of the centrifugal feed pump for 
the medium sized or even quite small industrial 
plant, a field in which much progress remains to be 
achieved. 

The general advantages of the centrifugal as 
against the reciprocating principle for boiler feeding 
are now more or less common knowledge. As in 


many other engineering developments the trend in 
pump design has been definitely toward the use of 
rotary instead of reciprocating motion, largely due 
to the degree of reliability and general perfection 
attained in connection with both electric motors 
and small turbines. The principal advantages of the 
centrifugal feed pump as against the reciprocating 
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entrifugal Boiler Feed Pumps 






“Pulsometer” electric-driven, centrifugal boiler feed pump set of 
the 8-stage type, 300,000 Ib. per hour capacity, 360 lb. per sq. in. 
running at 1470 r.p.m. 


type are small weight, low initial cost, small space, 
low operating costs, entire absence of vibration, no 
shock to pipe lines, quiet operation, low power con- 
sumption, low maintenance and lubricating costs, 
minimum attendance, great flexibility, absence of 
relief valves and air cushioning devices, and easy 
direct drive from high speed motor or turbine units. 

The centrifugal feed pump is also inherently self- 
regulating which prevents excessive pressure being 
developed even if all the valves are suddenly closed. 
Further, it is able to take the water direct from the 
extraction pump or lift pump discharge without the 
use of an intermediate open hot-well, which charac- 
teristic is particularly important for modern closed 
feed working. As internal lubrication is not re- 
quired, no oil is carried through into the boilers. 

Another advantage lies in the fact that the cen- 
trifugal pump can operate without difficulty on the 
2-unit feed pump system, that is with the economi- 
zers between the low- and the high-pressure sections 
of the system, thus avoiding the troubles inherent 
in the use of high pressure economizers. 

Some of the difficulties encountered with the 
earlier centrifugal feed pump applications were, 
surging in the pipe circuits, the failure of two or 
more pumps to operate efficiently in parallel, and 
the difficulty of starting a pump when other pumps 
were operating on the same system. These difficul- 
ties have now been overcome to a large extent. 

By the use of centrifugal pumps, packing troubles 
are reduced to a minimum since the stuffing boxes 
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are water-cooled and are exposed only to low pres- 
sures. Air cannot be drawn in even when the pump 
is working with a suction lift as the stuffing boxes 
are sealed with water under pressure, In spite of 
this, it is the best practice to have the boiler feed 
tank always above the level of the centrifugal feed 
pump, so that there is a positive head at the suction 
side. 

The casings of centrifugal pumps and drive tur- 
bines are both split horizontally, so that the upper 
halves can be lifted off, allowing complete access 
for inspection. Standard fittings include a regulat- 
ing valve and governing device, with a separate 
emergency over-speed governor. . 

Opinions differ as to the relative advantages of the 
electric motor and steam turbine drive and the choice 
depends entirely on the circumstances. For medium 
sized installations the turbine drive has the advan- 
tage that all of the exhaust steam can be passed 
directly into the feed water tank, so that the over- 
all thermal efficiency of the unit is from 60 to 70 
per cent since no latent heat of steam is lost. On the 
other hand, the efficiency of a motor drive will be 
about 20 per cent, which figure is based upon the 
average performance of the main turbo-generator 
with the latent heat of steam lost in the condenser. 

For large plants, it is claimed by many engineers 
that an electric-driven centrifugal feed pump is 
more economical from the net efficiency point of 
view, on the assumption that all the heat required 
for the feed water is best obtained by bleeding the 
last stages of the main turbine, thus recovering some 
of the heat that otherwise would be lost in the con- 
denser. However, better results are obtained by 
using part of the steam from the low-pressure end 
of the turbine, for instance, from the zone in which 
the pressure runs from 30 to 40 lb. per square inch 
down to a pressure which corresponds to about 21 
in. vacuum, the steam between these stages heating 
the feed water up to 250 to 300 deg. fahr., in first, 
second, and third-stage heaters. The use of a motor 
drive is simple, flexible and convenient, with easy 
control from a switchboard but based on net thermal 





efficiency the advantage as against the steam turbine 
drive, seems to be somewhat obscure. 

In reference to modern British practice, the cen- 
trifugal feed pumps developed by five prominent 
manufacturers, Allen, Mather and Platt, Pulsometer 
Engineering, Rees-Roturbo, and Weir, will be pre- 
sented as typical. 

W.H. Allen, Sons & Co., Ltd., Bedford, make the 
‘“Conqueror’’ multi-stage centrifugal pumps, for 
boiler feeding and other purposes. These pumps are 
built in five standard sizes and in 2, 3, 4, 5, 6 and 7 
stages as required, and are equipped with either 
steam turbine or electric motor drive. The capacity 
of the smallest pump is approximately 30,000 to 
180,000 lb. of water per hour, running within a 
range of 1450 to 4200 r.p.m., while the largest stand- 
ard size has a capacity Of 300,000 to 1,170,000 lb. 
per hour at 650 to 1850 f.p.m. 

The pump casing is of close-grained cast iron built 
up in machined unit sections, bolted together, while 
the delivery end cover has a vertical discharge branch 
off-center and the section end cover a horizontal 
suction branch. 

The impeller is generally of the single suction type 
and is made of bronze or cast iron, with guide rings 
of the same material, while the shaft is of nickel- 
steel or other high-grade steel, with renewable 
bronze liners where passing through the water 
spaces. The bearings are of the ring oil type, and 
where the shaft enters the pump casing, a special 
stuffing box is provided having automatic water 
sealing to prevent the entry of air into the pump. 

Allen & Co. Ltd., makes a wide range of steam 
turbines of the impulse type, including high-pres- 
sure, mixed pressure, low pressure, back pressure, 
and bleeder-type units with one or more extraction 
points. Some of the main constructional features of 
these turbines, especially in the smaller sizes suitable 
for feed pumps, are stainless steel blades, rotors 
forged with the wheels integral with the shaft, cast 
steel for all portions of the casing, and steam chest 
and other parts of cast steel when the steam tempera- 
ture exceeds 470 deg. fahr. 





“Rees Roturbo” centrifugal boiler feed pump set with one motor and two pumps in tandem designed for pressure 
of 1,000 Ib. per sq. in. 
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Mather and Platt Ltd., Park Works, Manchester, 
manufacture both reciprocating and centrifugal 
boiler feed pumps, the latter adapted to either elec- 
tric or steam turbine drive. This manufacturer makes 
a specialty of electric-driven feed sets, both alternat- 
ing and direct current, operating at variable speeds 
with automatic pressure regulation and electric 
control gear, which automatically adjusts the speed 
of the pumps to suit the load. 





“Allen” electric-driven (d.c. motor) 5-stage centrifugal 
boiler feed pump 


In the case of steam drive, the Mather and Platt 
centrifugal boiler feed pump is either a single-stage 
or two-stage high-lift design, fitted with one double 
entry impeller and special automatic hydraulic 
balancing chambers, or two single-entry impellers 
and hydraulic balance disc, driven by a single-stage, 
variable output steam turbine at a speed of 3000 to 
7ooo r.p.m., to suit the head and output required. 
The pump impellers are of solid bronze, and in the 
two-stage unit a third sleeve separates the two im- 
pellers. 

The turbine does not rest directly on the bedplate 
but is supported by lugs cast on the bearing pedestals, 
so that it is free to expand radially without distor- 
tion or alteration to the relative positions of the 
casing and rotor, the two turbine bearings being 
cast integrally with the bedplate. The turbine rotor 
is of Siemens-Martin steel, having two sets of moving 
blades of stainless steel, between which is one set 
of fixed or reversing blades. The turbine regulating 
valve is of the double-seated balanced type directly 
connected to a spring-controlled pressure regulator 
with an independent centrifugal trip governor which 
comes into operation at 10 to 20 per cent increase in 
the normal speed of the turbine. 

The Pulsometer Engineering Co. Ltd., Nine Elms 
Iron Works, Reading, manufactures centrifugal 
pumps with belt, electric motor, gasoline engine, or 
steam turbine drive. In the Pulsometer boiler feed 
pumps, the impellers are so designed that the maxi- 
mum head is attained when the pump is giving no 
. discharge, and from this point the head gradually 
drops as the quantity is increased. Thus a number of 
centrifugal boiler feed pumps can operate in parallel 
' with one another without one pump taking more 
than its full share of the load and leaving the others 
churning. The pumps are of the multi-stage type, 
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and any desired number of stages are available in a 
wide range of sizes. 

A typical Pulsometer centrifugal feed pump re- 
cently installed was of the 6 in. eight-stage type, de- 
signed for a normal working pressure of 360 Ib. per 
sq. in. and a water temperature of about 150 deg. 
fahr., with a capacity of 300,000 lb. of water per 
hour when running at 1470 r.p.m., taking 180 hp., 
and driven by an electric motor of 210 hp., maxi- 
mum, with 3-phase 400-volt current. 

Some of the details of the Pulsometer pump con- 
struction are; cast iron casing in sections bolted 
together by long bolts between the end covers, 
water-cooled and water-sealed stuffing boxes with 
gunmetal neck bushes, bronze impellers with bronze 
slip rings and center bushes, mild steel shaft and cast 
iron renewable bushes lined with white metal, the 
bearings being automatically: lubricated by oil 
rings. The unbalanced axial thrust is taken up in- 
side the pump by a balancing disc mounted on the 
spindle, and it is stated that the total loss of energy 
does not exceed 1 to 2 per cent of the total water 
pumped. 

The centrifugal boiler feed pump of The Rees 
Roturbo Manufacturing Co. Ltd., of Wolverhamp- 
ton, features self-regulation at constant speed at any 
pressure up to the specified maximum without im- 
posing overloads on the driving unit, together with 
absolute hydraulic balance, both laterally and periph- 
erally, owing to the special manner in which the 
water passages are designed. Thus, the necessity of 
any special balancing arrangements or heavy ball 
thrust bearings is eliminated. Further, the external 
glands are always under pressure Owing to the suc- 
tion inlet being brought into the center of the pump. 
The impeller is in the form of a large capacity drum 
or ‘‘hydraulic accumulator’’ instead of the ordinary 
flat disc runner and it is claimed that universal self- 





“Mather and Platt” centrifugal pumps in tandem with steam 
turbine drive, each pump of 75,000 Ib. per hour capacity 
at 600 Ib. per sq. in. 


regulation is obtained. For example, when filling 

boilers a large amount of water at reduced pressure 

can be delivered with little increase in power con- 

sumption, an important point with alternating 

current motors. Also because of the large capacity 
(Continued on page 48) 
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How to Estimate the Water Cooled Surface 


Required for a Given Furnace Exit Temperature 


By B. J. CROSS, Combustion Engineering Corporation, New York 


N the preceding article of this series a method was 
outlined for computing theoretical flame tempera- 
tures and a chart was presented for their rapid 
determination. 

The operator or designer has however, but little 
interest in theoretical temperatures. He is more in- 
terested in actual ‘furnace temperatures’’. The term 


‘furnace temperature’’ is difficult to define. A great’ 


range of temperature may be found in a furnace. The 
flame from a burner or from the fuel bed may be about 
2800 to 3200 deg. fahr., whereas th® gases as they 
enter the boiler tubes may be as low as 1800 deg. 
fahr. This latter temperature which may be termed 
the ‘‘furnace exit temperature’’ is of greater import- 
ance than the ‘‘furnace temperature’ even were it 
possible to accurately measure the latter. 

If the temperature of gases entering the boiler is 
reduced below the softening temperature of the ash, 
no serious difficulty is likely to be encountered in the 
furnace due to high temperature. The reduction of 
the furnace exit temperature below the danger point 
without sacrificing efficiency means that either the 
boiler surfaces have been advantageously arranged 
to cool the gases by radiation or that sufficient addi- 
tional water cooled surfaces have been added and are 
exposed to the furnace to effect this reduction. Such 
additional water cooled surface would naturally be 
arranged in the furnace to protect wall surfaces most 
liable to erosion and other damage incident to high 
temperature. We may conclude in general, therefore, 
that in designing furnaces for continuous operation 
without difficulty from slagging it is only necessary 
to arrange for the reduction of the furnace exit 
temperature below the softening point of the ash. 

The preceding article and chart also provide a 
method for the determination of the heat that must 
be absorbed in the furnace per pound of coal fired in 
order that the temperature of the furnace gases may 
not exceed a definite predetermined figure. The 
weight of coal to be fired per hour being known, the 
amount of heat to be absorbed per hour may easily 
be computed. If the heat absorption rate of exposed 
water cooled surface in the furnace is known, the 
required total area of furnace cooling surface may 
be determined. The total water cooled surface minus 
the exposed boiler surface equals the amount of sur- 
face that must be added to reduce the final gas 
temperature to the determined figure. 

The curves of chart A on the opposite page give 
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absorption rates plotted against final gas tempera- 
ture. The slope of these curves has been determined 
from the Stefan-Boltzmann radiation law 


e-e[(E)- (2) 


where Q is the heat received per square foot per hour; 
T, the temperature of the radiating surface, T, the 
temperature of the cooler surface and C a constant 
dependent upon the character of the surface receiving 
radiation. 

The actual transfer of heat takes place between the 
flame surface and the water in the tubes. The transfer 
by radiation takes place between the flame surface 
and the temperature of the outer tube surface. This 
latter temperature will vary according to the nature 
of the surface and its state of cleanliness. An empiri- 
cal surface factor S is therefore introduced. For the 
theoretical curve, this factor is unity. Under actual 
conditions, the value of the factor S will range from 
.4 to .7 for uncovered water cooled metal surfaces. It 
is not possible to assign a definite value to this factor 
as it will vary according to the nature of the fuel 
used, the method of firing and the arrangement and 
condition of the surfaces. 

These curves are not to be interpreted as repre- 
senting exact values for radiation as between two 
surfaces at definite temperatures. They are rather 
to be regarded as representing a practical working 
guide. That is, if it is desired to reduce the gases toa 
definite temperature, these curves indicate the rat: 
of absorption that may be expected at the particular 
final temperature selected. 

Thus, continuing the example selected in the pre- 
ceding article, where it was necessary to limit the’ 
furnace exit temperature to 2200 deg. fahr. while 
burning coal at a rate of 10,000 lb. per hr., it was 
found that 4100 B.t.u. per lb. of coal must be ab- 
sorbed in the furnace, or a total of 41,000,000 B.t.u. 
per hr. At 2200 deg. fahr. final gas temperature an] 
using a surface factor S = .5, an absorption rate of 
42,500 B.t.u. per hr. per sq. ft. is indicated. Tie 
total heat absorbing surface in the furnace should, 
therefore, be 960 sq. ft. A boiler of the size impliel 
would have an area exposed to the furnace of abouc 
350 sq. ft. Thus, it would be necessary to add about 
600 sq. ft. of water cooled surface in the furnace to 
reduce the temperature of the gases leaving the 
furnace to 2200 deg. fahr. 
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impellers, the water velocities through vital parts 
of the pump are low, reducing wear and tear, and 
avoiding the necessity of renewable impeller tips. 
Since each impeller is of the twin type, comprising 
two stages, there is no necessity for a bearing be- 
tween each stage and the number of internal parts is 
reduced by about half. 

Due to the fact that the suction branch of the 
multi-stage pump is near the center and away from 
the glands, the water has acquired a pressure of one 
or more stages before reaching the internal passages 
in the casing. This makes it possible to provide 
glands that are properly lubricated and positively 
sealed against air leakage by water under pressure. 

Recently two sets of Roturbo pumps driven 
through flexible couplings by a motor drive located 
at the center were supplied for operation at a pres- 
sure of 1000 Ib. per sq. in. 

With steam turbine drive, the general policy of 
this manufacturer is to operate centrifugal pumps 
between 3000 and 5000 r.p.m., except in the case of 
very small duties or very high pressures, as this is 
considered much better practice than the use of a 
lower cost, high-speed single stage pumping set. 
The 4-stage pump is recommended for average 
service. 

The well-known Weir centrifugal feed pumps, 
electric or steam turbine driven, are manufactured by 
G. & J. Weir, Ltd., of Glasgow, which company 
has long specialized in every branch of boiler feed- 
ing, including both reciprocating and centrifugal 
pumps for marine and land service. 

Standard Weir steam turbine driven pumps operat- 
ing under conditions up to 1200 Ib. per sq. in. pres- 
sure, consist essentially of a compact arrangement 











“Weir” steam turbine driven, multi-stage centrifugal feed pump 
with a capacity of 550,000 Ib. of water per hour 
against 660 Ib. per sq. in. 
of steam turbine of the impulse type with one pres- 
sure stage and several velocity stages, driving a 
single-stage centrifugal pump of special design, 
with bronze casing of volute form. The impeller is 
of the single-suction shrouded type, of Monel metal 
highly resistant to erosion and corrosion, while 
adjustable labyrinth packing rings, also of some 
resistant alloy, are provided. The end thrust is 
balanced by a pressure-equalizing device within the 
pump itself. The shaft is of chrome nickel steel, the 
cooling boxes of cast steel, the turbine rotor and 
guide segments of high-grade forged steel, the tur- 
bine blading of nickel chtome iron with nickel 
(Continued on page 55) 


“Weir” electric-driven 11-stage centrifugal boiler feed pump of 660,000 Ib. per hour capacity at 710 lb. per sq. in. pressure 
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Combination High and Low Pressure Boiler 
By L. J. MARSHALL 


Combustion Engineering 


>. the use of high pressure steam has become 
successfully established in central stations, many 
industrial plant engineers have been considering how 
high pressure may be utilized in their plants to 
improve either their product or the economy of the 
plant, or both. This has resulted in plant engineers 
submitting their problems to consultants and manu- 
facturers of power plant equipment. 

The accompanying illustration and data outline 
one of these problems and a suggested solution. 
The proposed plant will require a new unit to gener- 
ate normally 50,000 pounds of saturated steam for 
process work at 1200 pounds pressure and 100,000 
pounds of steam for power generation at 200 pounds 
pressure and roo deg. fahr. superheat. There is a 
fluctuating demand for high pressure steam, some- 
times 50 per cent in excess of the normal require- 
ments. The demand for low pressure steam is fairly 
uniform, with the maximum demand not exceeding 
20 per cent above the normal. Coal will be used as 
the primary fuel but considerable wood refuse is 
available for use alone or in combination with coal. 

Referring to the illustration, it can be seen that 
pulverized coal firing was proposed with a dutch 
oven furnace for burning the wood refuse. The high 
pressure boiler is located in the upper front part of the 
furnace. A duct from this boiler connects with a 


Corporation, New York 


steaming economizer followed by an induced draft 
fan. The low pressure boiler is of the standard sec- 
tional header type and with the superheater above 
the tubes. 

It is proposed to drive the induced draft fan by 
means of a turbine or variable speed motor. The 
induced draft fan will be used to regulate the amount 
of gas taken from the furnace through the high 
pressure boiler and economizer, thus controlling the 
amount of steam produced by the high pressure boiler. 

In case there is no demand for high pressure steam, 
the damper to the economizer can be closed and the 
small amount of steam generated can be used by the 
low pressure boiler, the drum of the high pressure 
boiler being connected to that of the low pressure 
boiler, using suitable valves. The high pressure boiler — 
may then be operated at the same pressure as that of 
the low pressure boiler, or, if desired, at the higher 
pressure with a reducing valve between the two. 

A unit of this type appears to have advantages 
Over two separate units. The cost of the single 
setting will be practically half that of two settings if 
two separate units were used. The method of con- 
trolling the high pressure steam is simple and prac- 
tical. The high pressure boiler is simple in design 
and low in cost, the steam drum and the header 
below it being the only forged steel parts required. 
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NEWS 


Pertinent Items of Men and Affairs 





National Fuels Meeting at Chicago 
During Mid-West Power Exposition 


Arthur E. Grunert, engineer of the Commonwealth 
Edison Co., Chicago, Ill., has accepted the chairman- 
ship of the technical program committee for the 
National Fuels Meeting to be held next February in 
Chicago during the Mid-West Power Exposition. 
This announcement was made by John Van Brunt, 
Chairman of the Fuels Division of the American 
Society of Mechanical Engineers, who, in discussing 
the plans of this coming National Meeting, stated 
that the Division was cooperating with the Chicago 
Section, which had appointed a large committee 
under the chairmanship of Joseph Harrington, 
Harvey, Ill. Mr. Harrington’s committee will assist 
Mr. Grunert in arranging a technical program and 
securing discussors and stimulating interest in the 
technical papers to be presented. 

‘This will be the first time that the Fuels Division 
has held a National Meeting at the time of an exposi- 
tion. It has held previously three National Meetings, 


in St. Louis, Cleveland and Philadelphia, but these. 


were held in the fall of the year. It was decided by 
the Division to transfer the meeting to the spring of 
the year, when the Mid-West Power Conference 
extended an invitation to do so. 

The program to be presented by the Fuels Division 
at the National Fuels Meeting will be coordinated 
with that of the Mid-West Power Conference at 
which will be held the usual sessions of general 
interest. 


Permutit Buys Paige and Jones 
Water Softening Business 


The Paige and Jones Chemical Company, Ham- 
mond, Ind., announces that it has sold to The 
Permutit Company, 440 Fourth Ave., New York, the 
Zeolite and Lime Soda Water Softening and Filter 
Departments of its business including machinery, in- 
ventories, patterns and drawings. It has been manu- 
facturing Zeolite water softening apparatus as 
licensee under The Permutit Company's patents. 
The Permutit Company has arranged to furnish re- 
pair parts and replacements for Paige-Jones mechani- 
cal equipment now in use. The Paige and Jones 
Chemical Company will continue the chemical 
branch of its business in which it has held a promi- 
nent position for the past sixteen years. 
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Boiler Engineering 


and Plibrico Affiliate 


The Boiler Engineering Company of Newark, N. J., 
announces its affiliation with the Plibrico Jointless 
Firebrick Company of Chicago, manufacturers of 
Ptibrico Furnace Lining. 

The Boiler Engineering Company manufactures 
and installs the Beco-Turner Baffle and the Turner 
Baffle, both of which will now be marketed through 
the Plibrico representatives located in over 100 cities 
in the United States and Canada. 

The refractory material used in the construction of 
these baffles will now be formulated from the same 
high-grade clays used in the manufacture of Plibrico 
Furnace Lining at the Plibrico plants located at 
Chicago, Trenton, N. J., and Firebrick, Ohio. 

The Boiler Engineering Company will continue to 
maintain headquarters at Newark. 


The Bailey Meter Company, Cleveland, Ohio, 
manufacturer of power plant metering equipment, 
automatic combustion control and feed water regu- 
lators, announces the opening of a branch office at 
Denver, Colo. M. E. Reddick has been appointed 
manager of this new office, which is located at 2370 
Dahlia Avenue, Denver. 


Ray P. Tarbell, formerly Cleveland district man- 
ager of the Lincoln Electric Company recently joined 
the organization of Robert E. Kinkead, Inc., consult- 
ing welding engineers, Cleveland, Ohio, as vice 
president and secretary. 

& 


The Foster Wheeler Corporation, 165 Broadway, 
New York City, manufacturer of equipment for steam 
power stations, oil refineries and natural gasoline 
absorption plants has opened a new branch office, 712 
Thompson Building, Tulsa, Okla. which will be in 
charge of C. C. Steward. 


Mexico Refractories Company, Mexico, Mo. has 
announced the appointment of E. A. Whitney as 
manager of the specialty department handling high 
temperature cements and plastic refractories. Mr. 
Whitney recently resigned from a similar position 
with the A. P. Green Firebrick Company, after 
thirteen years of association with that organization. 


@ 
Stephens-Adamson Manufacturing Company, 
Aurora, Ill., manufacturer of conveying, transmission 
and screening equipment has appointed Gordon F. 
Daggett, Wisconsin state representative with offices 
at 735 Briarwood Place, Milwaukee. 
Mr. Daggett is recognized as an authority on the 
design and construction of conveyor equipment and 
crushing and screening plants. 
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HE July, 1928, Se- 
rial Report of the 
Prime Movers Commit- 


tee of the N.E.L.A. says: 





Continental designers of boilers adhere to the use of a second 
steam separator drum above the main drum, even on high pres- 
sure designs. This assures dry steam to the superheater under 
adverse conditions of high ratings or wide fluctuation of water 
level in the main drum. In view of the difficulties encountered 
in certain stations in the United States, one wonders whether 
this design may not be worth copying for improved boiler 
operation at high rating.” 


The COCHRANE STEAM PURIFIER, Receiver Type, does all this and 
more. Installed in the steam line between the boiler steam drum and the 
superheater or turbine, it intercepts water and sludge, protects the super- 
heater against scale and is conducive to uniform superheat. 


The entire volume of the boiler steam drum proper remains available for 
water and steam storage and primary separation of water from steam, 
also for taking up fluctuations in water volume and level due to forma- 
tion of steam bubbles at varying loads, Only one purifier is required for 
a multi-drum boiler. 


High efficiency of separation is obtained even when the mixture entering 
the purifier consists of 50 percent or more of water by weight. 


Ask for Cochrane Bulletin IC-677, on “Steam Purification.” 


] COCHRANE CORPORATION | 


3160 North 17th Street, Philadelphia, Pa. 








Cochrane Steam 
Purifier as con- 
nected to and 
drained by 
Cochrane Dis 
charger. 
(Patent 

applied for) 
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REVIEW OF NEW TECHNICAL BOOKS 


Any of the books reviewed on this page may -be secured from 


In-Ce-Co Publishing Corporation, 200 Madison Avenue, New York 





1930 Transactions | 
Coal Division of the A. |. M. E. 


“™PHIS volume is the first that has been prepared by 
Tie Coal Division of the American Institute of 
Mining and Metallurgical Engineers and contains 
most of the papers that have been submitted on 
matters pertaining to coal before the Institute during 
the last three years. For many years the programs on 
coal were in charge of a Technical Committee, but in 
February of the current year this was exparided into 
a Division with its own by-laws and elected officers. 
The 1930 Book of Transactions, issued by this newly 
formed division, contains an impressive group of 
papers indexed by four main headings as follows: 
Mining, Cleaning, Coking, Classification. 

Under “‘Mining”’ are included six papers that were 
presented before the Committee on Ground Move- 
ment and Subsidence, which have been included in 
this volume so that all papers relating to coal or coal 
mining may be kept together; also, one paper which 
was presented before the Committee on Ventilation 
and three papers which were presented before the 
Committee on Mining Methods have been included 
in this volume for the reason outlined above. 

The papers on coal cleaning give results of some 
scientific work by the U. S. Bureau of Mines and also 
the results of cleaning coal by wet washing from a 
commercial standpoint. 

The results of some tests on the coking properties 
of coal are given in two papers presented by the 
Bureau of Mines; and a paper giving the relation 
of the by-product coke-oven gas to the natural gas 
supply of the Pittsburgh district brings up a phase of 
the gas question that is going to be of increasing 
importance in future years and is of great importance 
now, as long gas lines are being extended in many 
parts of the country which will sooner or later have 
to depend for their ultimate success on some other 
source of supply than that coming from gas wells. 

By far the greater part of the volume is devoted to 
papers on the classification of coal, which were pre- 
sented at the February meetings in 1928 and 1930. In 
the introduction to this section, A. C. Fieldner of the 
Bureau of Mines and Chairman, Sectional Committee 
on Classification of Coal, American Standards 
Association, gives the reason for the presentation of 
these papers. They include a vast amount of informa- 
tion on the composition and classification of coal 
from scientific, commercial and use standpoints. 
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This subject has been of great importance to the in- 
dustry in past years and there is no doubt of its con- 
tinuing interest. 

The authors of the various papers presented are all 
authorities and the papers themselves constitute a 
highly valuable reference library on the subject of 
coal, its mining, preparation and properties. 

The book contains 724 pages including a compre- 
hensive index arranged according to subjects and 
authors. A good grade of stock is used throughout 
permitting clear reproduction of the many half-tone 
illustrations. 

The overall dimensions are 6% by 9% and the 
price $5.00. 


Finding and Stopping Waste 


In Modern Boiler Rooms 


HIS useful book, published by the Cochrane Cor- 

poration, is now available in a new and enlarged 
edition. It is divided into five main sections as fol- 
lows: Fuels, Combustion, Heat Absorption, Boiler 
Efficiency and Testing, Feed Water Heating and 
Conditioning. Each section is replete with informa- 
tion of a highly practical character. 

New matter has been introduced in the sections on 
Fuels, Combustion and Heat Absorption, and con- 
siderable material has been added on the subjects of 
steam and water measurement and water treatment 
and testing. 

As an example of the comprehensiveness of this 
book, the section devoted to combustion includes 
thirty-six subheads, which include such items as the 
theory of combustion, the proper methods of hand- 
firing for different coals, draft, flue proportions, 
stack proportions, automatic combustion control, 
gas analysis, indicating and recording instruments, 
furnace volume, the various types of mechanical 
stokers and pulverized fuel equipment. In each case 
the subject is discussed in simple understandable 
language and methods are given for securing the best 
results. Numerous charts are presented which permit 
the ready determination of factors essential to 
steam plant calculations. 

This is the kind of book that operating engineers 
will find very helpful because of the convenient 
arrangement and practical value of its contents. It is 
bound in semi-flexible covers, is 51% by 6% overall, 
and the price is $3.00. 
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Research on Fuel Economy at 
Mellon Institute 


(Continued from Page 42) 


utilization and to assure non-interruption of service. 
The scientific, engineering, and technical measures 
adopted are all with a view to the future require- 
ments of the public and to the most advantageous 
use of the decreasing supply. 

The industry, like many other great enterprises of 
the business world, has employed from the beginning 
scientists, engineers, technologists, and economists. 
There is always an open door of opportunity for the 
trained as well as the practical man. The geologist 
is engaged in the location of deposits of gas in the 
earth's strata. The physicist and engineer are work- 
ing on the design of machinery, the methods of high- 
pressure transportation and low-pressure distribu- 
tion, and the measurement of the amount of gas pro- 
duced. The services of the chemist and technologist 
are required for the elimination of losses, the removal 
of impurities, and the methods of using gas for many 
industrial and domestic needs. Engineers are study- 
ing transportation and utilization, and economists 
are making surveys of the fundamental business trans- 
actions between the public and the industry. 

The Fellowship on Natural Gas at Mellon In- 
stitute, headed by J. B. Garner, has been engaged 
since 1915 in a study of certain basic problems of the 
industry. Among other accomplishments, it has 
been shown that natural gasoline can be recovered 
from gas without diminishing the fuel value of the 
latter. Another important result is the process for 
recovering butane, a gas now widely used in metal- 
cutting, which has been developed. 

Natural gas is an invaluable auxiliary in all depart- 
ments of human endeavor. Aside from questions of 
economy, there is a convenience, a cleanliness, a 


flexibility, and a reliability in the use of natural gas 


which cannot be measured in dollars. 


Other Studies in Fuel Economy 


The developments discussed above constitute the 
most outstanding work of Mellon Institute in this 
field, but the list could be made much greater. In 
passing, reference should be made to the studies on 
heating, on insulating lumber, on refractories, and on 
the development of a novel pyrometer. 

Surprising benefits have come from the investiga- 
tion of the economics of energy transformation in the 
branches of the ceramic industry. In brick plants, 
fuel savings of fifteen to thirty per cent have followed 
the adoption of research recommendations. In 
general, this research has also given more satisfactory 
quality control and uniformity of product. One ot 
the most notable investigations of the Institute has 
been that in the vitrified sewerpipe field. A study of 
combustion processes in-this industry resulted in 
a twenty-five per cent reduction of coal bills. 
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A NATIONAL SERVICE 
TO INDUSTRY 


Since 1881, P.T. L. chemists and engineers 
have been aiding in the solution of scien- 
tific industrial problems. As an example, 
2luminum was first produced on a com- 
mercial scale, after research along the lines 
of the Hall patents, by P.T. L. and under 
its chemical control. 


In addition to chemical and physical tests, 
investigations and research P. T. L. per- 
forms engineering inspection of all kinds. 


The activities of this modern industrial 
organization are covered in a 32 page bro- 
chure sent to interested executives. 


PITTSBURGH 
TESTING LABORATORY 


PITTSBURGH 
PENNA. 


Branch Offices 
in Principal (Cities 
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NEW CATALOGS AND BULLETINS 


Any of the following publications will be sent to you upon request. Address your 
request direct to the manufacturer and mention COMBUSTION Magazine 





Centrifugal Compressors 


A new. bulletin, GEA 1280, describes cen- 
trifugal compressors and gives numerous 
examples of their application. In the com- 
bustion field these compressors are widely 
used for supplying air under pressure to all 
types of industrial furnaces. Another appli- 
cation is in conveying various materials such 
as ashes, coke breeze, pulverized coal and 
sawdust. In gas manufacture and distribu- 
tion and in the chemical and process indus- 
tries, centrifugal compressors are widely used. 
The illustrations and text emphasize the 
salient features of design. 12 pages and 
cover, 8x 10!4—General Electric Company, 
Schenectady, N. Y. 


Cleaning Compound 


Annite an all purpose cleaning compound 
is described in a new pamphlet No. 101. The 
colloidal action of this cleaner breaks down 
the dirt particles and globules of oil and 
grease forming an emulsion that will readily 
mix with any amount of water, therefore 
rinsing freely. It is recommended for gen- 
eral power plant use for cleaning brick and 
tile walls, cement and wood floors, machinery 
and any surface coated with grease and oil. 
A chart shows the many industrial uses of 
this cleaner. 16 pages, 31 x 6—Quigley 
Company, 56 West 45th Street, New York. 


Continuous Blowoff Systems 


The new Permutit Continuous Blowoff Sys- 
tems for boilers are presented in a bulletin 
just issued. This system was developed to 
provide a simple and automatic means of 
boiler blowoff control which will insure 
steam of high quality (free from entrained 
boiler salines) and thus eliminate many op- 
erating difficulties. By this system the con- 
centration of each individual boiler is con- 
trolled and the useful heat contained in the 
blowoff liquid is recovered. The bulletin 
contains much general information on the 
subject of controlled concentration in boiler 
feed water and is well illustrated with charts 
showing various application arrangements. 20 
pages, 814 x 11—The Permutit Company, 
{40 Fourth Avenue, New York. 


Industrial Research Service 


“Research for Industry” is the title of a 
new booklet which describes the facilities for 
research service to industry available at Bat- 
telle Memorial Institute. The Institute has 
specialized in research relating to fuels and 
metals and seeks the sponsorship of indi- 
viduals, companies or industries whose prob- 
lems come within this classification. 32 pav*s 
and cover, 74% x 1014—Battelle Memorial 
Institute, 505 King Avenue, Columbus, Ohio. 


Oil and Gas Burners 


Practical applications of the Johnston Re- 
verse Blast Burners for oil or gas are shown 
in Bulletin No. 551. A wide range of indus- 
trial furnace applications is illustrated includ- 
ing annealing furnaces, hammer furnaces, 
forging furnaces, melting furnaces and heat- 
ing furnaces. Johnston new silent type, di- 


rect connected pressure blowers are also pre- 
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sented. Tables of sizes and capacities are 
included. 12 pages, 81 x 11—Johnston 
Manufacturing Company, Minneapolis, Minn. 


Power Plant Design 


“Modern Central Stations’ Volume six, 
just issued by Ingersoll-Rand, is an attractive 
binder containing sixteen reprints of articles 
from the technical press describing new out- 
standing steam station installations. The ar- 
ticles are well selected and contain a wealth 
of data on modern central station design. 
The arrangement is compact and adapted to 
easy filing and ready reference which many 
engineers will wish to have bound in per- 
manent form. The paper by Dr. Harvey N. 
Davis and Joseph H. Keenan on “Recent Re- 


- search on the Thermal Properties of Steam” 


is included. 15 reprints and binder, 9 x 12— 
Ingersoll-Rand, 11 Broadway, New York. 


Pumps 


“Warren Pumps and the Organization Be- 
hind Them” is the title of a booklet recently 
issued. Reference is made to the manufac- 
turing and testing facilities of the company 
and numerous illustrations emphasize the wide 
application of Warren pumps in both marine 
and land practice. Centrifugal pumps in both 
single- and multi-stage types as well as recip- 
rocating pumps are available in a wide range 
of sizes. 20 pages and cover, 41/4 x 6—War- 
ren Steam Pump Co., Inc., Warren, Mass. 


Reducing Valves 


Schutte & Koerting Reducing Valves de- 
scribed in Bulletin No. 8-R, are of two gen- 
eral types: (1) the Venturi Reducing Valve 
which is made in three styles, operated by 
electric motor or hydraulic regulator and con- 
trolled from nearby or at a distant point on 
the reduced pressure system, and (2) the 
Auld Reducing Valve, which has a self-con- 
tained spring loaded diaphragm for regulating 
the outlet pressure. Each type is described 
and the service conditions for which each de- 
sign is recommended are outlined. 20 pages, 
8 x 11-—Schutte & Koerting Company, 
Philadelphia, Pa. 


Small Stoker 


The Whiting Stoker is presented in a series 
of -bulletins which are now available in a 
new loose-leaf binder. This stoker is of the 
over-feed type and is designed specifically for 
small boilers from 25 to 250 hp. It may be 
installed under low set boilers where the 
head room is limited. The bulletins show 
numerous application arrangements and ten 
dimension drawings of the various sizes of 
stokers are shown. Six brief articles on com- 
bustion and stoker performance are also in- 
cluded. 46 pages and binder, 814 x 11— 
Whiting Corporation, Harvey, II 


Thermometers 


L. & N. Resistance Thermometers, for con- 
trolling, recording and indicating tempera- 
tures are presented in a new Catalog No. 80. 
The advantages of measuring temperatures by 
the electrical resistance method are described 
and numerous applications of equipment are 












illustrated.. The latter portion of the catalog 
is devoted principally to descriptions of ap- 
paratus and accessories used in temperature 
control and measurement. 28 pages and 
cover, 734 x 1014—Leeds & Northrup Com- 
pany, 4901 Stenton Avenue, Philadelphia, Pa. 


Underfeed Stoker 


The Type E Underfeed Stoker is illustrated 
and described in catalog E 7 just issued, This 
stoker is of the single-retort underfeed type 
and is recommended for burning bituminous 
coal under boilers up to 600 rated hp. The 
details of design are well illustrated and line 
drawings are used to show suggested applica- 
tions of the stoker to various types of boilers 
and with different arrangements of under 
floor construction. Tables of test data are also 
included. 24 pdges and cover, 84 x 11— 
Combustion Engineering Corporation, 200 
Madison Avenue, New York. 


Waste Heat Boilers 


New Bulletin WB-30-2 presents Foster 
Wheeler Waste Heat Boilers and their ap- 
plication to both stationary and marine use. 
Power plants and industrial works now find 
it a great economy to conserve heat that was 
formerly exhausted to the atmosphere and 
where Diesel engines are used aboard ship, 
the engine exhaust may be used to generate 
steam for heating, cooking and for operating 
small steam driven auxiliaries. The steam 
generating surface of the boiler consists of 
U-bend elements composed of seamless tubes 
on which cast iron gilled rings are shrunk to 
provide extended surface. Numerous illustra- 
tions show the details of design and assembly 
of this new development. 16 pages and cov- 
er, 8x1014—Foster Wheeler Corporation, 
165 Broadway, New York. 


Water Conditioning 


A new booklet “Scientific Water Condi- 
tioning” has just been issued. The subjects 
of boiler feed water analysis and treatment 
are well covered and much valuable informa- 
tion is presented by text, photographs and 
charts. The subject matter is well presented 
in nineteen chapters each devoted to a par- 
ticular phase of water conditioning. The 
booklet is attractively printed and well bound 
and will make a worthwhile addition to the 
steam plant engineer's library. 96 pages and 
cover, 6 x 834—Dearborn Chemical Company. 
310 South Michigan Avenue, Chicago, III. 





NOTICE. 


Manufacturers are requested 

to send copies of their new 

catalogs and bulletins for re- 

view on this page. Address 

copies of your new literature 
to 
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Centrifugal Boiler Feed Pumps 
(Continued from page 48) 
chrome shrouding, and the stop valve of cast steel 
with renewable nickel seats, available for use under 
the highest temperature conditions. 

Many Weir turbine driven feed pumps are operat- 
ing in the United States. A typical example is a 
multi-stage pump having a capacity of 180,000 Ib. 
of water per hour at the Weymouth Power Station, 
Boston, with a suction pressure of 425 lb. per sq. in. 
and a discharge pressure of 1325 Ib. per sq. in. 

‘Weir’ electric driven centrifugal pumps, are also 
manufactured. The first unit of this type was sup- 
plied to the Crawford Avenue Power Station of the 
Commonwealth Edison Company of Chicago, and 
had a capacity of 500,000 lb. of water per hour 
against a boiler pressure of 550 Ib. per sq. in. 

This. manufacturer's latest practice for boiler 
feeding ‘by means of centrifugal pumps, is the use of 
an electric-driven unit of constant speed, high effi- 
ciency type, giving a pressure approximately equal 
to the boiler pressure, and in series with this pump, 
and on the suction side, a steam turbine driven 
booster centrifugal pump controlled from the boiler 
feed range. This booster pump superimposes on the 
pressure delivered by the electrically-driven pump 
such added pressure as is necessary to maintain the 
correct total pressure in the feed line at all loads. 
As a result, the operation of the combined arrange- 
ment maintains a constant pressure under every con- 
dition in the feed system, the bulk of the work being 
done by the electric unit operating at maximum 
capacity with the somewhat less efficient steam drive 
taking the variable component of the load. It is 
claimed that the overall efficiency of the combina- 
tion is better than that of the standard electric drive 
whereas the steam driven machine has certain operat- 
ing advantages. Another point in favor of this ar- 
rangement is that the lower stages of feed heating 
can be placed in the circuit between the two pumps. 

Typical of this practice are three sets of combined 
steam and electric-driven rotary feed pumps supplied 
to the Schelle Central Station in Brussels. One of 
these sets has a capacity of 617,000 lb. of water per 
hour against a discharge pressure of 640 Ib. per sq. 
in., the suction pressure being 128 Ib. per sq. in., and 
the feed water temperature varying from 290 to 335 
deg. fahr. The steam turbine which is of the im- 
pulse type as usual, with one pressure stage and 
three velocity stages, operates at 500 Ib. per sq. in. 
with 795 deg. fahr., superheated steam temperature, 
and exhausts against a back-pressure of 12.8 lb. 
per sq. in. absolute. A 600 hp. electric motor, 
3-phase, 50 cycle, 440 volts, is used, running norm- 
ally at 2900 r.p.m., and fitted with a governor which 
comes into action when the speed falls below 2800 
t.p.m. The pump is of the 3-stage type, cast steel 
casing, gunmetal lined, with cast-steel end covers. 
The impeller and diffuser rings are of Monel metal. 
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3 Kinds 


of 
Refractory Cements 


Being specialists in high temperature cements 
we make one distinctly different cement for 
each of the three service conditons found in 
every power plant boiler. 


Our No. 3000 cement is for laying up brick and 
for hot or cold patching. It has unusual bond- 
ing powcr and never crumbles or falls out. 
Withstands temperatures in excess of 
3000 deg. fahr. 

Then there is “Moldit”—a monolithic cement 
that is mixed and poured like concrete. Use 
this cement up to 3000 deg. fahr. 

And third, “Moldit-A” another monolithic ce- 
ment. Use it for temperature ranges between 
200 and 2400 deg. fahr. Excellent for arches, 
checkerwork, etc. 

Our booklet “Better Boiler Brickwork” de- 
scribes these cements completely—ask for it. 


REFRACTORY & ENGINEERING 
CORPORATION 


50 Church St., New York, N. Y. 


Warehouse Stocks in 


Baltimore Philadelphia Pittsburgh 
Norfolk Boston Chicago 


Send 
this 
coupor Yo” 
for \ 
a copy 
of this \ 
booklet . 


Gentlemen: 


Without obligation to me please send me your 
booklet “Better Boiler Brickwork and Monolithic 
Construction.” 


Ns ois. Ga ee tee & ae ola a och ae kee ate Wee ocd 
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NEW EQUIPMENT 


of interest to steam plant Engineers 





Plastic Compound for 
Sealing Joints 


TH QUIGLEY COMPANY, INC., 56 West 

45th Street, New York City, manufacturer 
of furnace materials and protective coatings 
announces a new plastic, expansive compound 
called Q-SEAL, for sealing thread, flange and 
gasket joints. 

The compounding of this material was 
made possible by the discovery of a mineral, 
a phenomenon of nature, which is not only 
a natural lubricant and preserver of metal, 
but when subjected to heat expands to several 
times its normal volume. 

This mineral is ground to a very fine mesh 
and is used as the principal pigment in the 
compounding of Q-SEAL. The principal ve- 
hicle or mixing agent used is one that is 
impervious to steam, gas, gasoline, kerosene, 
oils, acids, ammonia, las, creosote and tar 
and is non-corrosive. 

The illustration clearly shows the expansive 
properties of the pigment. At the tip of the 
fingers is a small piece of the micaceous min- 





eral used, in its natural state. In the palm 
of the hand is a piece of this mineral of the 
same thickness which has been heated. It is 
this tremendous expansion that gives the com- 
pound its extraordinary sealing properties. 
Q-SEAL is easily applied to joints to be 
sealed with a brush. The expansive qualities 
fill any imperfections in threads, flanges or 
gaskets, seals joints leak-proof and prevents 
rust and corrosion. Joints fabricated with it 
may be broken with ease regardless of age or 
conditions they have been subjected to. The 
compound is very economical to use. 


Continuous Blowoff Systems 


HE PERMUTIT COMPANY, 440 Fourth Ave- 

nue, New York, manufacturer of water 
conditioning systems announces Permutit con- 
tinuous blowoff systems for boilers. 

It is well known that all natural waters 
contain various salts in solution. When such 
waters are treated to prevent scale formation 
in boilers, the calcium and magnesium salts 
or hardness which cause scale formations, are 
reduced in amount by lime-soda treatment or 
entirely eliminated by Zeolite treatment ac- 
cording to the method applied. However, 
the soluble sodium salts which remain in so- 
lution in the feedwater are left behind and 
concentrate in the liquid contained in the 
boiler as the water is evaporated into steam. 

As evaporation continues this concentration 
increases and when a certain concentration is 
reached the boilers begin to deliver wet steam 
or even foam and prime, that is, a portion 
of the boiler salines is carried over with the 
steam. Various difficulties result from the 
use of wet steam, such as clogging of super- 
heaters and steam traps, reduced prime mover 
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efficiency, erosion of turbine blades, water 
hammer in reciprocating engines and pumps, 
etc. The maximum allowable concentration 
of dissolved salts depends upon the boiler de- 
sign, the rate of evaporation and particularly 
sudden changes in this rate, as well as other 
operating conditions and the amount of sus- 
pended matter in each particular case. 

The Permutit continuous blowoff system 
provides a reliable and automatic means of 
controlling this concentration in each indi- 
vidual boiler and of recovering the useful 
heat contained in the blow-off liquid. 

Numerous system arrangements are avail- 
able to meet various operating conditions. 
The illustration at the bottom of the page 
shows an ideal arrangement where there is 
insufficient waste exhaust steam available to 
raise the temperature of the feedwater to 
the boiling point in the open heater and 
therefore the cool feedwater can economically 
absorb the heat in the blowoff stream. This 
arrangement provides also for automatic con- 
trol of the blowoff from each individual 
boiler. 

In order to maintain this individual boiler 
control and at the same time secure the ad- 
vantages of a minimum amount of equipment 
occupying a minimum amount of space, mul- 
tiple compartment heat exchangers are used. 
The blowoff line from each boiler connects 
to one of these compartments, and a sepa- 
rate control box is used on the discharge of 
each compartment, thereby keeping the blow- 
off from each boiler separate from the others 


Adjustable Orifice Burner 


HE ASHMEAD-DANKS COMPANY, Cleve- 

land, Ohio, has recently placed on the mar- 
ket an adjustable orifice burner for pulverized 
coal and gas. A new principle in burner 
design is employed to provide means for 
maintaining uniform velocity of the fuel 
leaving the burner and to insure active tur- 
bulence of the fuel and air, irrespective of 
the amount of fuel being fed. 

In the operation of either industrial fur- 
naces or boilers, the rate of fuel feed is 
usually variable as it depends upon the heat- 
ing requirements or the load demand. 


RETURNS ASSUMED 


— 


FEEOwaTER HEATER 





quem = BLOwoFrF SALINE 
meme §=FEEDWATER 
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Under such conditions the desirability of 
a uniform, controllable velocity at the point 
of issue from the burner is found to be im- 
portant. 

In boiler service, single burners have been 
operated from 50 per cent to 250 per cent of 
nominal rating with a satisfactory and uni- 
form COs: content over the entire range. 

When the size of the furnace and conse- 
quently the amount of fuel to be handled 
becomes large it has been customary to in- 
crease the number of burners used, and to 
operate only those required to meet the de- 
mands and thus maintain as nearly as pos- 
sible a correct velocity in the units in use. 

The illustration presents a view of the 
burner from the furnace end and shows the 
extension nozzle with its air turbulating 





vanes, and a portion of the turbulating 
vanes on the adjustable blades of the burner. 

The adjustable portion of the burner is 
composed of twelve blades, all permanently 
hinged at the inlet end of the cone thus giv- 
ing it a fixed diameter on this end; the in- 
side blades carry the vertical turbulating 
vanes, which are mounted adjustably so that 
they may be set at the proper angle to suit 
the furnace for which the burner is designed. 

Lapping over these inner blades are six 
outer blades so constructed as to ride the fin- 
ished edges of the inside blades thus forming 
tight joints along their entire lengths. The 
outside blades are held in place by springs 
mounted on the outside of the casing. 

The A. & D. Adjustable Orifice Burner is 
made in four standard sizes, suitable for ap- 
plication in single units to the largest boilers 
or furnaces. Single burners have been de- 
veloped for capacities of 35,000 lb. of coal 
per hour and . aoa are available for capac- 
ities up to 41,000 Ib. 
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Unique Power Project 


Attempt to convert heat of Gulf Stream 
into steam power 


Under the auspices of the French Academy of 
Science and the Cuban Government, Prof. Georges 
Claude, French scientist, is proceeding with the de- 
velopment of his scheme to produce inexpensive 
power from the Gulf Stream near Matanzas, Cuba. 

Prof. Claude seeks to raise cold water from the 
bottom of the ocean and to vaporize it, under vacuum, 
with the warm water from the surface of the Gulf 
Stream, using the resulting steam to operate a low 
pressure condensing turbine. 

The initial and most expensive step in the develop- 
ment was the launching of a steel tube 5000 feet long 
and six feet in diameter. This portion of the program 
was successfully accomplished early in September 
after two former attempts had failed. 

Because of the difficulties previously encountered 
and the rumor of sabotage by interests opposed to 
the idea, extreme caution was exercised in the final 
launching. A Government destroyer, a dozen tug 
boats, two companies of troops and the provincial 
police were assigned to assist in the gigantic task. 

In previous attempts at launching, the force of 
the Gulf Stream bent the tube until it broke and was 
washed away. This time, the tugs were used to keep 
the tube in proper alignment until the suspension 
cables were released allowing the huge structure to 
sink into position on the bottom of the ocean. 

The final results of Prof. Claude’s unique attempt 
to harness the heat of the Gulf Stream and use it for 
the production of power will be awaited with inter- 
est by the engineering world. 


California Oil Production 
Again Curbed 


A further reduction in California oil production 
was effected September 17 through the adoption by 
the general committee of operators of a new State 
wide plan to curtail production under which the 
daily allowable output is reduced to 550,000 barrels 
as compared with a previous allowable output of 
596,000 barrels. The new proration schedules are to 
continue in effect until Jamiary 1, 1931, subject to 
change by the committee. — 

The new curtailment plan will necessitate drastic 
trimming down of production in the flush fields of 
the State. The daily average output of the State has 
been creeping up steadily and last week gained 7,400 
barrels, which brought the figures up to 613,700 
barrels. 

Whether the State's allowable production can be 
reduced to 550,000 barrels a day and maintained at 
that rate is a problem which is concerning the leaders 
of the industry. 
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Reliance 








Reliance Floats 


Are Tested Up To 
2,000 lb. Pressure 


N° dependable substitute has ever been found for Re- 
liance float-operated Safety Water Columns. When 
danger looms, the engineer must have an absolutely de- 
pendable warning. Reliance floats give a sensitive, instant, 
and unfailing reaction to changes in water levels impos- 
sible with any other type of device. 
Talk about factors of safety! Reliance floats are tested at 
more than twice the pressures they are to work at—and 
up as high as 2000 pounds! There is no float problem. 
Out of hundreds of thousands of Reliance Floats in use 
last year, some of them 20 and 30 years old, only a small 
fraction of 1 per cent required replacement. 
Anyway, the only problem has been valves, and Reliance 
has solved that with Reliance chrome seats and cone discs 
of special design. These are used in Reliance alarms, water 
gauges and gauge cocks—and they’ve settled hundreds 
of tough cases of valve leakage for engineers all over the 
country. 


Specify Reliance Safety Water Columns, 
the standard for almost half a century. 


The Reliance Gauge Column Company 


5942 CARNEGIE AVE., CLEVELAND, OHIO 






TRADE MARK «8688S. 1 US. PAT: OFF 


SAFETY WATER COLUMNS 
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of Current Interest to Engineers 














Finding and Stopping Waste in Modern Boiler Rooms 


This well known reference book, pub- 
lished by the Cochrane Corporation, has 
been revised and enlarged. New matter 
has been introduced in the sections on 
Fuels, Combustion and Heat. Absorp- 
tion, and considerable material has been 
added on the subjects of steam and 
water measurements, water treatment 


808 pages 
3rd Edition 


and testing. As a handbook on Fuels, 
Combustion, Heat Absorption, Boilers 
and Feedwater, this volume is eminently 
practical and useful. Every steam plant 
engineer should have a copy. The third $3.00 
edition is being rapidly depleted. To 

assure your getting a copy without de- 

lay. send your order now. 


PRICE 





EXPERIMENTAL MECHAN- 
ICAL ENGINEERING 


By Diederichs and Andrae 
Price $8.00 1982 pages—Vol. I. 


The rapid expansion of the use of engi- 
neering instruments and the development 
of new methods of testing during the past 
twenty years has for some time called for 
a complete revision of the old text on these 
subjects. This volume covers the con- 
struction, use and calibration of engineer- 
ing instruments. The appendix includes 
vapor tables for steam, ammonia, sulphur 
dioxide and carbon dioxide; also vapor 
diagrams for the same gases and the 
A.S.M.E. test code for solid fuels. 


ELEMENTS OF ENGINEER- 
ING THERMODYNAMICS 


By Moyer, Calderwood and Potter 


Price $2.50 200 Pages 


This book has been widely used as a 
standard text on the subject. The new 
edition is the fourth to be published and 
has been thoroughly revised and brought 
up to date. The phases of the subject 
covered are,—thermodynamic principles 
and definitions; properties of perfect 
gases; thermodynamic processes of gases; 
cycle of heat engines using gas; proper- 
ties of vapors, etc. 


PIPING HAND BOOK 
By J. H. Walker and S. Crocker 
Price $5.00 764 Pages 


This book represents a very comprehen- 
sive compilation of reference information 
on piping. Every needed fact is given 
covering scientific fundamentals, mate- 
rials and most effective methods. Numer- 
ous examples are given to facilitate the 
use of the information and formulas pre- 
sented, 


ELECTRIC SYSTEM 
HANDBOOK 


By C. H. Sanderson 
Price $5.00 1167 Pages 


This book answers the increasing demand 
for a handbook which will tell the story 
of the electric system as a whole, in log- 
ical sequence and in a simple form read- 
ily understandable by everyone whether 
he possess a technical education or not. 


STEAM TABLES AND 
MOLLIER DIAGRAM 


By Joseph H. Keenan 
Price $2.00 


Every engineer who has occasion to 
consult steam tables should have a copy 
of this new A.S.M.E. book giving the lat- 
est approved values. 


"Price $7.00 


MECHANICAL ENGINEERS’ 
HANDBOOK 
By L. S. Marks 


3rd Edition—2265 Pages 


The new edition of this great reference 
work has been thoroughly revised in all 
parts, bringing it up to date in both prac- 
tice and theory. Important new sections 
include vibration problems—refractories 
—high-temperature carbonization of coal 
and gas making—low-temperature car- 
bonization of coal—industrial combustion 
furnaces—electric industrial furnaces. 


FUELS AND THEIR 
COMBUSTION 


By Haslam and Russell 
Price $7.50 807 Pages 


A thorough treatise on the origin, compo- 
sition and production of fuels and their 
efficient utilization. The book presents 
the underlying principles of the science 
of combustion, describes typical combus- 
tion equipment, gives actual plant data, 
explains common combustion reactions 
and discusses the flow of air and flue 
gases and heat transfer. 


TECHNICAL GAS AND 
FUEL ANALYSIS 
By A. H. White 
Price $3.00 319 Pages 
A standard reference and textbook, de- 
scribing standard apparatus and present- 


ing a concise statement of principles and 
full details of methods. 


Postage prepaid on all orders accompanied by remittance or amounting to five dollars or over. 


IN-CE-CO PUBLISHING CORPORATION 


200 Madison Avenue 


New York, N. Y. 
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Boil 


er, Stoker and 


Pulverized Fuel Equipment Sales 


Total figures to August 1, as reported to the Department of 
Commerce by the leading manufacturers in each industry 


Boiler Sales 



























































































































































STACK and FLUE LINING 


CE-CO 








Total 7 mo. | Total 7 mo. 
1930 1929 July, 1929 | July, 1930 
for ~ CINDER CATCHERS 
No.| Sq. ft. | No.| Sq. ft. | No.} Sq. ft. | No.| Sq. fe. 
Ne ‘ DUST COLLECTORS 
ater tu 702} 3,600,114/1017| 5,893,640} 166} 933,183 | 91) 370,670 
Mecienee FLUE GAS SCRUBBERS 
urn 
tubular | 563} 767,632} 845] 1,137,156] 172] 233,934| 84] 107,539 
, , A plastic, protective coating easily and eco- 
Mechanical Stoker Sales tee ate ns sel 
nomically applied. 
Year t Type or Borter : 
and Oral Adheres directly to the metal leaving no 
Month ee bec qd joint, crevice or space betw the metal 
No. | HP. | No. | HP. | No. ] AP. Poe ee eT 
as Credesen i and the lining. 
1929 
January..... 97 43,392 36 5,835 61 36,557 : . 
em a 80 | 31.554 %6 3933 54 | 27.621 Forms a dense, tough, acid-, water-, heat- 
March Sank we 117 42,432 42 6,369 75 36,063 and corrosion-resisting barrier. 
April amide 141 48,749 41 6,508 100 42,241 
eer 174 60,772 64 9,951 110 50,821 “ P . ? 
June........] 203 | 67,322} 82 | 13,323] 121 | 53,999 Resists the erosive action of cinders, ash 
July cal 166 | 6197) & | 1502 98 | 53,275 qd and dust particles. 
7mo.).... 998 | 358,418 379 57,841 619 | 300,577 
Total (year)| 1,716 | 599,585| 706 | 102,515} 1,010 | 497,070 CE-CO Stack and Flue Lining is particularly val- 
"eer eee is uable for wet type cinder traps of the tank or spray 
January | §3 | 13,198 24 2,872 29 | 10,326 design, and for the interior of masonry stacks where 
February 7 22,648 26 3,732 47 18,916 : 
on lll 89 | 32°403 45 | 6.128 44. | 26275 water sprays are used or acids form. 
| 108 35,903 46 6,984 62 28,919 
MOS oc tae 96 31,956 41 5,703 55 26,253 
TORE i ciicy ves aae nee 70 | *10,100 *81 | *37,703 
yoo Bo [Sere] 8 ie] “S |23e| | CHEESMAN-ELLIOT CO. Ine. 
ota 
(7 mo.).... 720 | 221,672 335 | 46,953 385 | 174,719 Established 1876 
*Revised. TECHNICAL Paint MAKERS 
Pulverized Fuel Equipment Sales 639-647 Kent Avenue, Brooklyn, N. Y. 
. ne ’ 
| coethes verahs UNtrT SYSTRi Works: Brooklyn, N. Y.—Williamsport, |’a. 
Total | Total Total | Total 
No. Rated | Rated No. Rated | Rated 
Year of | capacity| hp. of of | capacity} hp. of 
and. Pulver- | in tons | boilers | Pulver- | in tons | boilers 
Month izers | of coal jequipped] izers | of coal jequipped 
* per_hour per_hour a os 
1930 | For Instactation Unper Warter-l[use Boiters 
January..... 1 6 1,600 52 565 59,742 
February... . 2 20 3,000 29 175 23,305 
March......| 2 50 6,414| 16 33 | 9,995 Cueesman-Exuior Co., INc., 
OS" BARES aaae Se Lani 31 139 | 37,993 639 Kent Avenue, Brooklyn, N. Y. 
+ og ee en cee 3 80 11,360 30 196 22.625 ° ° as 
We. vi.<<; 1 6 go2| 15 28 7,146 We are interested in lining for ................ 
ee 2 22 1000} 12 29 | 20,424 
Total ee ee ee a eee erereee eee ese eee eseeeeeseee 
@ mo.)....| 11 184 24,176 | 185 | 1,165 _| 181,230 Kindly send us your literature and recommendations 
For INstaLyaTIoN UNper Fire-Tuse Borers 
January ..... 6 35 965 FIRM bean hind Cb ibd pia neesheds keen whee 
February. .. . 2 13 305 
March... ... 3 3 450 NAME J div bowie sedbdo des Vis eee coucsees 
_ cartes 3 3 780 
AYowe sess ; “F; 84 SEE. 00a Canad oc NAS be Siew Vs kek Wessi 
| RR 
ee 
Total PEE ds cue eia beak hes 6 tang 000 ne oda 
C3'mo.)....; 14 54 2,500 
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Turbine 


Multi-Stage Turbines 
up to -2ooo H.P 


—Are built for condensing, non-condens- 
ing, mixed pressure or bleeder operation. 


—Terry engineers will gladly discuss 
their application to meet your require- 
ments. 


The Terry, Steam Turbine Company 
OFFICES IN PRINCIPAL CITIES 


Steam Turbines+ Gears+Shaft Couplings 


Pittsburgh Piping 
Creased Bends 
(Patented) 

SAVE SPACE 
DECREASE HEAT LOSSES 


Write for Literature. 
Pittsburgh Piping & Equipment Co. 
Pittsburgh, Pa. 


SAN FRANCISCO 
Call Building 


NEW YORK BOSTON 
220 Broadway 10 High Street 
CHICAGO INDIANAPOLIS 
Peoples Gas Building Occidental Building 
LEVEL a OUGHTON, MICH 
Cc AND HOUG ’ ‘ 
Ulmer Building General Motors Building Dee Building 














Modern Gas-Tight 
Fuel Saving 
Baffles 


are made of 


INTERLOCKING TILES 


(For Bent Tube Boilers, Patented ) 


Two Design A-9 Interlocking Baffle Tiles 


Write for Free Literature 


POWER PLANT 
EFFICIENCY COMPANY 


Union Title Building Indianapolis, Ind. 


REPRINTS 
AVAILABLE 


OF ARTICLES IN THIS ISSUE 
OF 


COMBUSTION 


provided the quantity is not 
less than 100 copies and the 
order is received by Oct. 10. 


IN-CE-CO PUBLISHING 
CORPORATION jOysiony. 
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